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NOTHING ELSE IS LIKE IT! 

“The New-Series Foxboro S 
Potentiometer Recorder 
Offers an Extra 


Compensating 


Slide Wire’ 









This original Foxboro development 
means uniform sensitivity at all point 
on the scale! A given deflection of t 
galvanometer pointer results in the 
same amount of pen movement whethe: 
the pen is at the low, middle or hig! 
point on the chart. Only the improved | 
Foxboro Potentiometer Recorder off 
this advantage—nothing else is like 
Yet it’s only one of the many impro\ 
ments you'll find in this new series 
pvrometers. New Bulletin 190-1 illus 
trates and describes them complete!) 
send for your copy. 
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INTO THIS ERA of streamline 
travel, industry and life comes 
another contribution to speed— 
GREATER SPEED IN ACCU- 
RATE MEASUREMENT, CON- 
TROL OF TEMPERATURE. 


























NEW ‘Taylor THERMOSPEED 


the fastest thing in separable 


well tube systems known today 


“PEED up sluggish response to 
» temperature changes! Greatly 
reduce delayed valve action and con- 
trol where separable wells are needed! 

Taylor brings new speed of response 
to separable well tube systems. 
Taylor engineers contribute another 
new development in temperature 
recording and control... a develop- 
ment that is six times faster than 
the average separable well system 
now in service. TAYLOR THER- 
MOSPEED IS ITS NAME. 

A new design of unusual originality 
and effectiveness in bulb and separ- 
able well construction keeps up with 
rapid temperature changes at the 
bulb. It enables Taylor Recording 


Thermometers to show a truer and 


° 5 10 _'S 20 «#25 30 


more accurate picture of temper- 
ature at the bulb. It causes control 
valve corrections to be made at the 
slightest tendency to depart from 
the control point. Taylor Controllers 
vive closer regulation. 

THIS IS IMPORTANT. Taylor Re- 
cording and Controlling Instruments, 
with all their refinements and im- 
provements—outstanding instru 
ments in their accuracy, efficiency 
and durability—can now operate 
with greater speed and precision than 
ever before in connection with separ- 
able well tube systems. 

BULB CONDUCTION ERROR RE- 
DUCED. The Taylor Thermospeed 
construction makes another import- 


ant contribution to thermometer 
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arbitrary scale. The com- | 

es were made : 

with bulbs in standard Sl ae as ae ee ee = 

vells and in a thorough- ] u Pres somes. u y | } | rr. 7. 
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accuracy and speedof response. 
Changes in the temperature of the 
bulb mounting or of the supporting 
wall have a negligible effect on the 
bulb temperature. This variation, 
known as BULB CONDUCTION 
ERROR, is reduced to a minimum. 
The comparative conduction error 
of separable well instruments is 
shown in the graph. 

If you use separable well tube 
systems, get the information about 
the new Taylor Thermospeed con- 
struction. You will see results quickly 

in better temperature control . 
and more efficient and economical 
control of your production of finished 
voods. Ask a Taylor Representative 
or drop a line at once to Taylor 
Instrument Companies, Rochester 
NX. ¥., or Toronto, Canada. Manu 
facturers in Great Britain—Short & 


\MIason, Ltd., 


London, Kneland 
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IN THIS ISSUE 
inate coincidences have played no 
part in making possible the com 
ess (sometimes the very appear 
of many articles. First noticed in 
. this phenomenon manifested itselt 
ist sensationally in “B4 and 735, com 
us to recognize it as a definite 
tor contributing to the success of our 
rial efforts. We tested its depend 
on secrecy by bragging about it in 
t: better and more frequent “strokes 
uck” followed. The day before the 
wd, some “hunch” made us bring up 
irs all unpublished) manuscripts of 
there were no carbon copies. Other 
nate coincidences are evident in this 
e: When we interviewed Subscribers 
L. V. Black and W. R. Gray (see page 


92) we did not know that they were 


ites of instrument-company train 
courses. Black told us he attended a 
Is & IL. course—the very one of which we 
id published a group photograph in 
ur November 1935 issue. Gray told us 


e attended the Brown Instrument Co.'s 
urs ind that same day we received 
irticle describing that course (see 


re 109). Last summer we made a wish 
in April of this year (when the 
iving season begins) we could publish 
irticle on how instruments can re 

we bad driving, and Professor DeSilva 
recently sent us the best article on this 


subject ever submitted to any magazine 


ee pages 100-108). As for Perry 

Borden and Ralph Batcher, their stores 
experience regularly gratify our most 
iting unuttered wishes. 


THE FRONT COVER 


Laken in the boiler-turbine room at 


the Rochester Gas and Electric Corp.’s 


Piant No. 3, Rochester, N. Y., it shows 
Bailey meters and air-operated control 

r the automatic operation of a 250,000 
b./hr. pulverized-coal-fired boiler: com 


plete combustion control, 3-element feed 


ter control, feed water pump control, 


desuperheat control, and pressure reduc 


control. 


ERRATA 

(he March issue you received was 
rinted from flood-damaged forms which, 

pite of our printer’s efforts, loosened 
ery now and then. On page 87, the top 
nd bottom lines of the second and third 
lumns are transposed; also the second 
e of the second column should be the 
«th. Illustrations did not look so bad, 
nsidering that +100 cuts had to be re 

‘ked, straightened or made over! 


IRST of all, from the bottom of our heart, we thank 
all those kind friends who sent expressions of sym 
pathy to the Instruments Publishing Company or to 
individual members of the staff. In answer to numerous 


inquiries We state the facts: 


floor of the Herbick 
& Held Printing 
Co.'s establishment 

the two buildings 
at the left in the ad- 
joining photograph. 
Dirty waters rose to 
nearly the ceiling of 
the ground floor. Our 
\larch issue, ready 
to be taken to the 
Post Office, was de- 
stroved and had to 
be reprinted. Most of 
our property down- 
stairs (Cuts, etc.) is 


Our offices are on the third 





being salvaged. We cannot brood over our own losses 
when we think of those suffered by the industries and resi 
dents all around this building and in other flooded areas 


Courage, unselfishness, prompt action and resourceful 


ness were displayed during and after the flood; they were 





aided by instruments 
of numerous types, 
especially insulation 
testerssuch as theone 
in this Westinghouse 
photograph. And 
wecan't refrain from 
pointing out that 1 
automatic radio-tele 
metric gages had 
been installed along 
the Allegheny and 
\Ionongahela Rivers 
the Weather Bureau 
would have been able 
to extrapolate the 


curve and predict the +6-ft. crest, so that many lives and 
millions of dollars’ worth of property could have been 
saved in this district by reason of definite warning. 
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INSTRUMENTS’ READERS AT WORK 








No. 6 WILLIAM R. GRAY 


Head, Instrument calibration and maintenance 


— 


No. 7 LLOYD V. BLACK 


Pliysicist, Research Laboratory 


Pittsburgh Plate Glass Co. (Glass Div.), Creighton, Pa. 


VERY modern industry is an 
stadium, — thr main 

event being 1 non-stop race 
between processing equipment and 
} 


process control equipment. Each ad 


ince in the instrumentation of a 
process makes possible a better pro 
cess and leads to improvements in 
the processing equipment, immed 
ate ly creating a need for even mort 
hly specialized instruments 

ind so on. The friendlier the race. 
the faster fecords) fall when = all 
runners belong to one team and each 
one’s advance speeds the others. The 
deal team line-up includes process 
ing theory, processing equipment de 
sign, instrument design and instru 
ment application—each a “double 
threat’ member (fundamental knowl 
edge and practical experience 

We witnessed such a team at work 
when we visited the new laboratory 
building of the Pittsburgh Plate 
Glass Co, at Creighton, Pa., twenty 
miles above Pittsburgh on the Alle 
gheny River. This central laboratory 
serves the eight plants (in Pennsyl 
vania, Ohio, West Virginia and Mis 
sour! where the company's glass 
products ire made. It is an ideal 
four-member team, in the persons of 
two men, W. R Gray ind LL. V. 
Black. 

When Gray graduated from high 
school the country was at war, and 
so he joined the Navy. As a First 
class Quartermaster he used nautical 
nstruments, so on his discharge he 
joined the Thwing Instrument Co. 
In 1923 he went to the Brown In 
strument Co. and in 1926 obtained 
his present position. He speaks 
highly of the training he received 
inder Dr. Thwing—for whom he 
las oa deep affection—and at the 
Brown Instrument School. In turn. 
ia Fl 


i« Has 


trained the men who under 
his direction maintain the instru 
ments in the company’s eight plants 

Black’s acquaintance with instru 
ments likewise began during the war: 
le Was an army aviator. Then Ii 
taught science it thre Crystal City 
Mo.) High School. took his Mas 
ter's degree at the University of Mis 
sourl in 1929 majoring in phivsics 


ind that same year obtained his pres 
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By M. F. BEHAR 


ent position. He, too, attended an in 
strument company’s school—that of 
Bausch & Lomb—in 1932. He is the 
iuthor of numerous technical papers, 
one of which, “Transmission of Radi 
ant Energy Through Glass,” made 
scientific history. 

Though not officially a “scientist, 
Grav has collaborated with Black, 
especially in fundamental work on 
insulating values of air spaces be 
tween glass, for which research he 
designed radically new apparatus, 
including wind direction instruments. 

Most of the instruments used in 
connection with glass manufacture 
under Gray and Black are of special 
design and construction, represent 
ing perfect team-work on the part 
of Physicist Black, Instrumentician 
Gray. and various instrument firms. 

These instruments cost half a mil 
lion dollars but they vield dividends 
of incalculable value: “‘Without in 
struments, our processing equipments 
couldn't function properly,” said one. 

“And without Jnstruments, WE 
couldn't function properly!” added 


the other. 


TABLE I—PRINCIPAL APPLICATIONS 


Glass Tanks—(1) Automatic ter 
iture control systems with rare-: 
ouples all through walls and rox 
Optical pyrometers read 3 times 
to check performance of controls 


} 


Glass Furnaces—Sime 4s glass 
Pot Arches—Same as glass tank 


Lehrs—lPyrometers, plus manual 
perature control on old lehrs and 
1utomatic control on all new leh 

Kilns Thermoelectric pyromet 
millivoltmneters and potentiomete? 

Glass Hardening Equipment 
voltmeter und potentiometer type 
controllers (Extreme accuracy 
stable control essential.) 

Warerooms Automatic cont: 


humidity and temperature 

Plate Glass Grinders and Other Ma- 
ehines—Recording and indicating 
meters and tachometers 

Inspection Lines—l’olariscopes 

Experimental Processing Equipments 
in Laboratory Every type is r- 


duced on i small seale and ope: 
With various models of indicating 
ording ind controlling instrume 
— 


TrABLE II—PROCESSING AND 
TESTING INSTRUMENTS 








Optical pyrometers 36 
Pyrometric recorders 75 
Dial and record ng thermometers 200 
Temperature control systems 75 
Flow meters (indicating, recording, 
integrating, controlling) 19 
Pressure gages (incl. recorders) 700 
Vacuum gages (incl. recorders) 100 
Tachometers (incl. recorders) 33 
Wattmeters (mostly recorders) 250 
Standard precision potentiometer I 
Semi-precision potentiometers 8 
Portable potentiometers 27 
Microscopes 8 
Refractometers j 
Polariscopes 6 
= a 





[he periodical calibration of optical pyrometers (which in turn are used to che 
other instruments) is of supreme importance. Black (left) and Gray do it thet 
selves, using a platinum-wound furnace with precision thermoelectric and potenti 
metric equipment. 
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THE MONTH'S NEW 





{and-Aspirated Psychrometer 
is drawn across wet and dry bulbs 
iniform high velocity. Hand pump 

es air through a Venturi tube, in 
secondary air from the outside. 














be 


Cover of small chamber in which bulbs 
re enclosed may be opened to facilitate 
ipplying water to wet bulb, and ther 
mally shields bulbs. Thermometers are 
secured to the hinged lid; and = case 
erves as an adequate handle when in 
trument is in use. Operation being sim 
ile, accurate results can be obtained by 


- 


verson unskilled in use of sling psy 
chrometer.—J ulien P. Friez & Sons, Ine., 


Raltimore, Md. 


Combination Surface and 
Needle Pyrometers 


New “universal set” thermoelectric 
pyrometer comprises one handled indi 
cator and four different forms of inter 
changeable surface and needle elements: 





\-1" is for molds and other ipplica 
ns where temperature of small surface 
st be measured, “A-2” is for flat sur 
ces in general, “B-1" is for surface 
uperatures of stationary or moving 
Is, “B-2" is particularly useful for 
isuring inside temperatures of ma 
ials in plastie state, is equipped with 
itective cover. Indicator is sealed 80 

F. The Pyromete r lustrument Co.. 
Lafayette St.. New York City 


In this department we strive to re- 
port each month ALL the new devices 
for measurement, inspection, testing, 
metering and automatic control—in 
the form of concise technical descrip- 
tions. 

When writing to manufacturers 
directly, please mention this depart- 
ment as your source of information. 

Or write to Information Section, 
Instruments Publishing Company. 





Portable Thermometer 
IHlustration shows improvement made 
in design of this type of recording ther 
mometer: mercury-filled bulb is located 
where it is subjected to natural air cur 





rents. Accuracy is higher because circu 
lation permits bulb to attain tempera 
ture of air, not of case. Lag is greatly 
reduced because bulb can follow changes, 
whereas if it were within” instrument 
case or mounted close thereto for its 
entire length, it would be affected by 


case temperature which, by reason of 
relatively large mass of metal, lags con 
siderably. New instrument is built) for 
rough service, has 8’ 24-hr. chart. The 
Brown Instrument Co., 4482 Wayne 


Ave.. Philade Iphia, Pa 


Shunt Type Cable Tension 
Indicator 


Measurement and equalization of ten 
sion on small cables (. diam.) can 
now be accomplished through 
the use of this small new de 
vice, operating on the deflec 





— ees 3: + 
tion principle. 
Tension reading y 
( 200 Ibs.) is f 
obtained by sim . 
ply clamping it 
on the cable. 
Instrument is 
said to be auto 
matically adjusted for temper 
ature changes, requires no spe 


cial bushings for cables of dif i 
ferent sizes. Martin-Decker Corp., 


Lona Beach. Calif. 
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Predetermining Valve and Print- 
ing Device for Liquid Meter 


‘ 


For automatic shut-ott ot quid 


ing through a meter after anv deter 
mined amount has been measured, the 
Pittsburgh Predetermining — \ ec el 
thles the operator of the meter to set 
the reviste! for ny recdetermined 

intitv. It can be furnished with any 





Pittsburgh four-evlinder  veciprocatin 
piston type meter see dustruments, J 

1933, pages 14-15) for oil, gasoline, in 
dustrial solvents, beer, ete. These meter 
may also be equipped with the Pitt 
burgh Meter Turprlic itor, nother me 
development his instrument print 

receipt Wn duplicate oft the inaunt of 
liquid that has passed through thre 
meter. Registers can be furnished either 


of the vertical setback tvpe, is litte 
trated, or of the straight-reading hori 
zontal setback typ Pittshbural eau 
fable Meter Compan Bl 


Nf Pittshuragh. Pa 


Dendroheliconometer 
Designed for the study and compari 
son of growth ring structures of trees 
Consists of a precision micrometer slide 
of LOO-mim range, carrying i reading 
microscope and mounted with a carriage 
on an optical bench. Micrometer slid 





drum yr rmiits reading aurecth 

0.0l mm. and easy estimating to OO 
mm. Carriage is provided wit clamy 
ind with an index to read it POSTION 
on bench. Microscope has interel 

ible objectives ind eve pieces, and a var 
iable tube length to provide nv i 
nification trom 7) to 1) 0 6diameter 
Gaertner Scientific Corp Woright 


“wood Ave.. Chicaqo. 1 
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Aerial Mapping Camera 


3. Bae t and Geodetic 





I 
record toecal length for 

( l camera i) ee) photo 
re PT Ot Sq miies at one 
( ‘ ruc of BO,000) Tt 
omatvy The telescopic 
it nder on the ide includes a drift 
midicat na tomate erlap control 
| ( Mil rhe eact rt thre 
i ‘ ee ( 1 1\ ind 
( ( lil \ ad He single 
‘ ‘ ‘ air ( ted ith put 
i in e reflectivity 
t) to , The mages trom the 
nine lense re photographed on one film, 


newative size of 2B’x23", it 


do oof an individual film for each lens 
ther muiti-ter erial Cameras 
l 2 I I , suthcient for 100 
‘ dit Fairchild Ai 
I] / lie iH / 
Pe | VY. 3 


*“Motoscope C” 


fure of his utomotive vehicle er 





110-volt motor, 


constant speed by 


na time control for he ting the coi 
’ { ny Cl CT re hus re 

a cond l ‘ { l ered l 

‘ st \r ‘ ermits  testin 
t tery ) ure ‘ a rter low 
read ) ensilo distributor suy 
\ ( aensc ( SI rk p vs, points 
distrib Y tensor wires, mag 
evtos, — ¢ pure Ss \ es thing ot 
ves nad lenition, leaky vaskets, 
‘ <¢ v«¢ springs, booster brake, fuel 

pump, Vvacuul tank and compression 
Stromberg Motoscope Corp Lax 
| ('j td ] 
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Model B Optical 


Pyrometer 














Self-contained, 
Direct reading, 
Eliminates suppressed -zero-emmeter. 
Each instrument hand-calibrated 
against standard. 


MODEL B-|! 
Single Range 1500-3000 ° F. 


MODEL B-2 
(1400-2500°F. 


Double Range ) 2200-3800 °F. 








Model B Potentiometer 








Compact, durable, self-contained 
and of high precision. Ranges 
cover all applications. Calibrated 
directly in Temperature, pH, etc., 
or in millivolts. 














Eastern Western 
Distributors Distributors 
Eimer & Amend Claude S. Gordon 

New York Chicago Cleveland 


Indianapolis 





HURL:R.ADAMS 
Alhambra Way 





Pittsburgh, Pa. 








Photometric Battery Test 


\ new “Tungar” battery tester, 


ing a photometric method of ind 


the battery’s cell-condition and fe 
system of simplified “readings” 


understood by the 


iverage  Car-owner, lame 8 ¢ pi 
iffords simultaneous /d ‘ 
testing in I min., / s 

ot both the battery’s =~ aoe 


capacity ind the 
condition of its cells, 
ind can also be 
used to deter — 
mine the work ae — F 


ng ¢ ip icity ot 


a 


n old battery 
in terms of the 
number of | 
plates of an 
equivalent 
‘oood” battery. “wv . y y 
It embodies two 
instruments: 
One is used for the cap icity test, 
pointe r traverses a scale reading “G 
“Fair,” and “Replace.” The other d 
cell-condition photometrically: it 
face on which ippears the outline 
miniature 3-cell battery. Behind 
“cell” is a lamp operated by the « 
sponding cell of the battery on te 
one light-field is visibly darker tha 
others, a defective cell is indicated. S 


ilarly, attention is called to a sl 
cell. If the light-fields are uniform 
dim, the battery needs recharging. 5 


sitivity is 0.2 volt. The new tester | 


special rheostat which assures co 


I 
high-rate discharge in testing for 
ity’: instead of setting the rheosta 
trol handle for actual number of } 
it is set for any smaller number 
will result in a “good” reading, 

the working capacity of an old | 
in terms of the number of plate 

equivalent “cood” battery 
The spot welded steel truck is finishe 


bright-red enamel with chrome and b 


is obt 


trim, in order to attract motorists’ \ 
tion. General Electric ¢ 0... [pp / 
Merchandise De pe, Brida port, 


Controlled Rectifiers 
Lo provide d-c. power from ul 
power supply for small publie an 
vate telephone systems, these ne 


letin 8602" controlled rectifiers 








i-c. line varying 10% supply 
voltage maintained constant to 
volt from no load to full load. These 
tifiers are designed for 60-cycle, 3-p 
208-220-240 nominal line volts input 
for 50 + 11! volt, 5- and 10-amp 
puts Ward Leonard Electric Ce 
South Street, Mt. Vernon. N. Y. 








Electric Tachometers 
Two d-c. tachometric magnetos are WRITE or MAIL COUPON for 


announced which, in connection with 
maker's industrial d-c. recording potenti 


“i, a The Mark o 7 
| CATALOG 


{fective Control 


= cess Control for sensitive, stable 


tomatic control of temperature, 

















i 
i ssure. liquid level flow and other 
: tors as applied to industrial 


ocesses. Responds to changes 





4 
y quickly.without overtravel or hunt- 

~ e . 

v ine. Ask for Bulletin No. 101. 
‘st, ‘ “ . . 
ww “Good, Combustion Control that is simple 
yes! depict but complete for providing econom- 

it | 2 
itline of ical operation 
hind ‘ 

of boilers of 
the ( re 
mm te f 200 h. Pp: and tions for plant and laboratory speed 
r than t intaiilie measuring applications. Fig. 1 shows LABORATORY 
ated. Sit arger. Letalls heavy-duty vertical-shaft model. Its field 
ch short in Bulletin is furnished by a one-piece, heavy INSTRUMENTS 
lform “ section, tungsten steel magnet, cadmium 
ving. Si No. 102. plated ivainst corrosion. Commutators PORTABLE GALVANOMETERS 
ster | and brushes are of gold illoy s, to give (Taut Suspension) 
‘S corre Boiler Meters constant, uniform brush pressure and SLIDE WIRE RHEOSTATS 
ir “e ‘ : parallelism. Vertically mounted — shaft . ; 
ostat « for recording prevents lubricant from reaching com D'ARSONVAL GALVANOMETERS 
( }) ( : or seve rear ‘or orizo - ) 
of 7 combustion mutator. Be el gear box for horizontal D.C. POWER SUPPLY UNITS 
ber : ' drive. Oiling required once a year; all (6 to 3500 Volt Units) 

ee Recorder-Controller P ‘ , 

ry, so ft conditions and working parts readily accessible 
d bat Me Re, oa ae os Mounted in = splash-proof case. Fig. 2 eS 
ag guiding boiler operators. Described slicers. the Uaeht-dety hovisontal-shafl 
obtain in Bulletin No. 44. model, designed for intermittent runs: 


inishe dynamometers, test stands, laboratory INSTRUMENTS FOR 


ind b Multi-Pointer Ga — work, and light production. Each mag 
ts? ater , ) ee neto generates an emf., directly propor PRODUCTION CONTROL 
plia factors such as draft, pressure, tem- tional to speed, which is balanced 
Co : iwainst a known emf. in the pote ntiom 
i — a4 : — o", * PHOTOTUBES 
| perature and speed. etvie recorder, which tay be either th 
fn : ; 5 Sg ager mie ee + PHOTOTUBE RELAYS 
7 These Gages are avail- band ird ry chart me ael with vu ' ; 
E matic standardizer or the round-chart SUPER-SENSITIVE D'ARSONVAL RELAYS 
in able with any number model with “giant dial” indicating fea (Sensitivity 1/8 microamp 
ture. Either recorder may be titted with (Control capacity up to 10 amps 


) 01 TS 4 < 4 . e ‘ 
of I inters and any contacts for signaling or for automatic 


scale combination; in controlLeeds & Northrup Co. 4 
Stenton Ave., Philadelphia, Pa ILLUMINATION CONTROL EQUIPMENT 


either the oil sealed (Sendiielty We feat candle) 


TAUT SUSPENSION GALVANOMETERS 


bell or diaphragm con- ve , , RHEOSTATS—SLIDE WIRE 
; , ae eal Rectifier and Transformer 





struction. “Pow-R-Unit” is said to be only 2 he ” 
St ill commercially i\ tilable device G-M LABORATORIES INC. 
Flow Meters for indi- which supplies two low-voltage currents 


a A one cdc for solenoids, ete., and one 1732 Belmont Ave. Chicago U.S.A. 
cating, recording and 





integrating the flow of 


Control Drive 


G-M Laboratories, Inc. 
1732 Belmont Ave. 
Chicago, Wl. 


steam, water, sewage, 
air, gas and other fluids. Bulletins 
No. 39 and 300. 


Please send your new catalog to: 
Recorders for pressure, temper- 


ature, drafts. liquid level and other 





factors, 


G-3 ac. for light circuits of application : 
est BAILEY METER Measures 3”x5”" and weighs 35, Ibs. Two Title 
3- pl models: 35-watt, supplying 6-volt a.e 
yut COMPANY ind §-volt d.c.; 25-watt supplying 6-volt Address 
Pp ac. and 6-volt d.c. Both plug into com 
U¢ mercial a-c. supply._Jefferson Electric City State 


1041 Ivanhoe Rd., Cleveland, Ohio Oé.. Belloed. 18 
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Photoelectric Reflectometer 
This me 


ures the reflect ince, opacity ind color 


reflectometer, which mea 


ot paints, papers, piyzments, 
products, textiles and chemicals, 
1 photoelect ri idapt ition ot thre 
PHluntes Visual Reflectometer (lnstru 

Oct. 1934, page 219). Illustration 
Dring out the null method which makes 
{ 


ite diectly from ordi 


] ; . 
vie oO opel 


a. 
s + 
& 
f re \ ’ , 
% { t 9’ / 
% ¥ y - 
- i. 
y 7 
See a 
+ . di ’ 
Py r ~ 
ff 
J. P 
z. 
nary current supply Pest surface and 


omparison surface, at opposite ends of 
light tunnel, are illuminated by a single 
mp movable between them. Each of 
rectifier-tyvpe photocells recelves 
ight reflected at an average of 45° from 
me of the surfaces. A galvanometer In 
dicates unbalance of cell outputs The re 
moves with the lamp 
past i stationary indicator. lo deter 
rine reflectances, i standard is. first 
placed in the test end of the instrument 
nal the lamp moved to the position tor 
vhich the seale reading gives the re 
Hectance value of the standard 13\ 
means of compensating shutter, the 
ight falling on one or the other of the 
yhotocells is then reduced until the gal 
inometer reads zero. With instrument 
thus adjusted, unknown surfaces may be 
substituted for the standard and_ their 
reflectances measured directly To obtain 
olor values, reflectances in colored light 
ure determined.— /lenry { Garde 
Laboratory ( Vew York Ave Vv. 


Washington. D. ¢ 


Remote Valve Control 


4 


Certain processes are so stabilized by 
tutomatic controllers that many non 
critical flows may be governed by hand 


ves which seldom need readjustment 
However, if these 
hand valves are in 
accessible, even the 
few necessary id 
justments will be 
W he re 


these conditions 


neglected 


exist this new de 
vice enables the 
operator to id just 
manually an inaec 
cessible valve with 
out moving from 
his station. A fea 
ture is said to be 





» 

precisi m of valve 
setting. The valve opening can be alter 
Used in conjunction with 


i Stabilflo valve, the controlled flow 


ean be changed by 1. Due to de 


is no pumping or vibra 


sign, there 


ting: alr pressure on. the diaphragm IS 


} 


‘ 


I 
+4 


eld at desired se tting. Finish: lacquered 
ist bronze trimmed with buff nickel 
The Foxboro ( Veponset Ave 


Foxboro, Mass 
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@ HOPPLER 
VISCOSIMETER 


For Determining the ABSOLUTE Vis- 
cosity of Gases, Oils, Fluids, Viscous 
Tars or Syrups, According to the 


FALLING BALL PRINCIPLE 


Direct Readings in Centipoises (or 
Centistokes). Only Small Sample 
(30 cc) Required 
RESULTS CONSISTENT AND 
REPRODUCIBLE 
Range: From 0.01 to Over 1,000,000 

Centipoises 
Accuracy: +0.1% Between 10 and 
600 Centipoises 
0.27%, at Extreme Ranges 
With Use of Ultra Thermostat Error 
Can be Reduced to +0.05% Over 
Entire Range of Viscosimeter 
Difference in Viscosity Between Dis- 
tilled and Tap Water Can Even Be 
Measured 
When Requesting Detailed Informa- 
tion, State Range of Measurements 
Required 





The above Hoppler Viscosimeter 
was made possible by the use of 


is 


oe en od 





JENA KPG PRECISION- 
BORE TUBING 


Bore exact within — .00!1 mm. (.00025 
in.) Smallest bore .S5mm., largest bore 
50.0mm. Length, except for extreme 
bores, up to | meter. Inside surface 
is clear like regular transparent glass 
tubing. 

Jena KPG Precision Bore Tubing is a 

product of the 
JENA GLASS WORKS OF 
SCHOTT & GEN. 


U. S$. AGENTS: 


FISH-SCHURMAN 
CORPORATION 


230 East 45th Street, New York, N. Y. 

















Lathe Instrumentatior 
\pplicable to maker’s mecha 
hydraulic “Carbo Lathe,” this ne 
forms a central control, in ops 
line of vision, for entire electri 





pressure systems including: (1) St 

ind stopping buttons for all me 

(2) Pressure gages for either ai ) 
hydraulic pressure; (3) Ammeters ind 
cating power being consumed, en 
operator to maintain proper speed 

feeds, and warning operator of any 

trical trouble before it becomes. s« 


With this “Electrical Head” the de; | 
ment supervisor can check operator 
machine at a glance, thus preventil 
cessive tool breakage costs-—-a uu ; 


problem in departments operated 
piece price or premium basis af 
Cable Vachine Co.. Syracuse ‘ ) 


X-Ray Inspector 
New visual-inspecticn X-ray oun | 
Huoroscopic inspection of food prov { 
consists of a motor-driven conveyor 
plied in length or width adaptable t 
existing production line, and require 





X-ray yvenerating apparatus and 
trols. X-ray tube and high-voltage tt 
former are immersed in oil in 
beneath conveyor belt. In the top 
lead-lined tunnel (dimensions of.‘ } 
depend upon material to be inspe 
is fluoroscopic screen upon which i 
is projected. Unit may be installed 
darkened room or a small hood m 
provided over viewing screen. Contr 
X-ray equipment is centered in a 
mobile control stand; controls for ¢ 
veyor system are also in a conve! 
location on side of machine.—¢ 
Klectric N Ray Corp., 2012 Jac 
Bivd Chicago, Til. 
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LEITZ 


PANPHOT 


VWost Universal Equipment for 
VWicroscopu Researe h 





Equally convenient tor visual observa- 


on and photo-micrography. 
[quipped with mirror reflex box to 
tacilitate alignment and focusing for 


photography. 


Usable also tor micro-projection, 
lrawing and photo-macrography in 
transmitted or reflected light. 

accessories 


he equipment includes 


bs ais 
light 


Examinations in transmitted 


Brightfield 
Darkfield observations from lowest to 
highest magnifications ; 


Examinations in reflected light (Ver- 
tical Illumination) ; 


CULTROPAK Illumination ; 


Every type of illumination as cited 
thove can be arranged for in ordinary 
or polarized light. 


This and many other instruments 
will be displayed at the 


FOUNDRY AND ALLIED 
INDUSTRIES EXPOSITION 
DETROIT, MICH., MAY 4-9 
OUR BOOTHS 352 and 354 


K. LEITZ, INC. 
FE. 10th St. New York, N. Y. 


BRANCHES 


San Francisco, Calif 
Los Angeles, Calif 


shington, D. ¢ 


420, Illinois 








Pressure Booster 
Designed especially for testing gages, 
castings, connections and pressure ves 
sels in the shop or laboratory, this new 
rapid pressure booster requires no 
special 


pumps or motors to build up 


pressures but operates from the regular 





source of water or air supply. Tt con 
sists of a low-pressure cylinder into 
which is connected a line from the plant 
water or air supply system, and a high 
pressure evlinder with a lead out to the 
gages or lines to be tested. The booster 


is mounted on the test beneh, or othe 


convenient piace, with the necessary 
connections and valves to operate it. By 
manipulating a from the 


valve plant 


pressure supply line, pressures can be 
built up to 5000) Ibs./in.2 at a slow 
steady rate or as rapidly as desired 
Various capacities and various pressure 
specifications ire ivailable Martin 


Decker ¢ orp Long Beach, Calif 


Photoelectric Relay 
\ new photoelectric relay using Visi 
primarily 
for use on LLO-120 volt, 50-60 cvcle cur 


tron phototubes is designed 


rent, but is also available in other a-c 





voltages and frequencies The “No. 5351 
D” illustrated uses a 3” lens aperture 
for increasing sensitivity; other models 
ire available with 2” lenses, with rec 
tangular apertures and no lenses, and 
with no aperture for use with separate 
phototube housings.-@ M Laboratories 
Ine.. 1731 Belmont Ave., ¢ hicago, Til 


“Aaa 


Self = Synchronizing Motor 


AUTOSYN, MOTOR 


82 VOLTS AC. 60 CYCLES SINGLE PMA | 


PIONEER INSTRUMENT COMPANY 
ROOKLYN, MEW TORK 








TYPE 769B 
ACTUAL SIZI 


Type /69B, the smallest self 
synchronizing motor manu 
factured, is suitable for a wide 
variety of remote indication 
applications. Slight move 
ments of sensitive elements 
such as diaphragms and Bour 
don tubes 


may be instantly 


and accurately transmitted to 


duplicate or triplicate indi 
cators. 

Size—23%" diameter x 2 long 
I] eight 10 ounces 


Current—.16 amperes 

V oltage—32V. A.C.—60 cycle 
Power consumption—2 Watts 
ITeat Rise he 

Py ak l orque 


40 Gram. Cm. 


Vaximum lag approximately 1! 


Degrees 
Shaft Diameter—1/16 


Ball Bearing Equipped 


PIONEER INSTRUMENTS 
Pioneer Instrument Company, Incorporated 
BROOKLYN, NEW YORK 


Subsidiary of the Bendix Aviation Corporation 
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voltmeter 









ONE TEST 1S WORTH A 
THOUSAND EXPERT OPINIONS 





ACCURACY 


One characteristic traditional to 
Riehle is accuracy. Take this 
Precision Hydraulic tester — 
plunger and cylinder are ground 
and lapped to mirror-like sur- 
face, so accurate that neither 
is more than .0002” out par- 
allel or round. Only a slight 
film of oil separates the two— 
a film that assures frictionless 
operation and 
when the load is brought to 
bear on the plunger. If you 
don't the full details 
about the Riehle Precision Hy- 
draulic Testing Machine, write 
us. It is built in sizes from 
20,000 Ibs. to 600,000 Ibs., a 
rugged, sensitive and depend- 
able 


testing work. 


RIEHLE 
DIVISION 


AMERICAN MACHINE AND 
METALS MANUFACTURING CORP. 


ye 
100 Sixth Ave., New York City 
& 


true reading 


know 


unit invaluable in your 


East Moline, Illinois 


DIVISION 












plug and cable. The "385 Autom 
oratory Model.” Fig. 3, combines 
tures of the “339" and the “S89.” 


thro 
“Uni-Construction” 
The “189 | tboratory Model” sign 
lig 1, facilitates 
of succeeding r-f. and i-t 
tL miniatuyr 


said to be made possible 


Supreme 
erator, correct 
ment 
receivers by serving as 
transmitter with variable output 
It incorporates 


with 


quency cont rols 


tron coupled circuit four « 


ind three tubes Supreme lnst 


Corp... Greenwood. Miss 


Comparator for Morta: 


Specimens 
Designed for the accurate line 
urement of cement and concret: 
mens in research and routine 


this nev ipparatus consists of 


mounted idjustal 


rug 


CrOSCOPeS 


on 


Intew 


ports on ed base 





with this base are two microscope 
ports and a flat and a V guide to t 


port the stage. One microscope is 


clamped into its rod support) whil 


other is mounted in a precision mi 


eter slide of 25-mm. range readit 
rect to 0.01 mm. Instrument can be 
plied with English instead of M 
vraduations. Stage has a flat mac 


surface to receive specimens Two 
ting shift the stage in 
pl ice one index on specimen under 
Micrometer. slit 


ScreWs orc 


tionary microscope. 
then used to place other microscope 
other index, and its position is thet 
off on micrometer head. Micrometer 


ind microscopes ire detachable ine 


be used separately for numerous 
measurements Gaertner Scie 
Corp Wrightwood Ave., CI 
II] 


Hydraulic Thermostat 
Designed for use in domestic or 


trial electric ovens, drvers, incul 


iter heaters, glue pots, 


STCTLIIIZeETS, W 








Small bulb “eannot be damage 
struck.” and “calibrations” are 
without removing knob. A) low 
pilot light with red indicating bu 


is optional The Hart Mfa C¢ 


t 


ford. ¢ 





Om 


ines 
‘60.”? 
throu 

















AMES 
GAUGES 


Openly Visible 


‘AMEs 


for accuracy 


SAUGE 


A good view of the working parts 

often advantageous with any me- 

hanical contrivance, more so when 

can be had without a tear-down. 

With the backs removed from Ames 
| Gauges, the most vital parts are 
| xxposed to view. The operation of 
| the movement can be examined min- 
utely from many angles before any 
parts are disassembled. Such full ex- 
position promotes the need of qual- 
ty in finish and appearance. The 
polished and heavily plated parts 
radiate the excellence of the interior 
as well as the exterior of Ames 
Gauges. 


B.C. AMES Co. 


WALTHAM, ‘MASS. 
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CATHODE-RAY 


Oscillograph Equipment 








| \ j Ie () 
— t 
1 ‘ ? 
‘ a} t 
‘ \\ h 
-R tupes D 
St 384 50. 
CLOUGH. erent: ne 
79 Audi ‘requeney V 
MODEL OW Radio Frequency Voltag 
EL UC 7 ionic Tu \ 
ODEL 85 ] ble A | se ¢ 
Voltmeter \ nd 
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The CLOUGH. BRENGLE CoO. 
130-M West Austin Ave., Chicago, U.S.A. 








Flow Sig 


Swinging-van 
metering device 
poses l ( 
t dl 1h ( ( 
tacts 1) ) 


with an indica 
tor and scale 
Consists ot i.) 
housing with its 
contact equip 
ment, (b) flexi 
ble paddle sus 
pended from 
the electrical 
unit and (c) 
strap to hold 
the housing 
in assembly 
over a_ hole 
cut in the 
pipe line. 
The paddle, 
of flexible 
material, can 
be inserted 
in ) hole 
considerably 
smaller than 
its extended 
diameter. \n 
ilarm can be 





gnaling Device 








Cochrane Electric Flow Meters use 
the galvanometer null principle, 
universally acknowledged as the 


sh : 











sounded — on most accurate means for measur- 
\ sprinkle r line in the event of fire on e a 

meat cee ing a force or quantity. These 
wecidental sprinkler) operation. Pumps, js 
valves, motors, ventilators can be made meters are ideal for central panel 
to operate on starting, stopping or fluc installations. 
tuating flow \n electrical retard can - 

iy ‘ a Write for complete information 
be specified to prevent operation result 
ing from momentary surges, hammer or COCHRANE CORPORATION 
sudden pressure change. Electrical units Dept. INS 
tre mounted on_ the housil y under Alleaheny Ave. and |7th St Philadelphia. Pa 
molded vwiass cover, Those parts subject 
oO COrrosl e suitably protected The 
1 ( ( N |i ¢ ()] 


Hunter 





B 
( uy l¢ 
4 { 14 
( t ( ‘ 
ern ( ¢ 
( ( l it 
see - 
l 0 § I 
’ r 
diffused | rie 
1D. Me t 
nd i Pos 
scale | He 
Veu ) 
DD 


Gloss Comparator 








Do you know 


j your vacuum? 
v Let the TRU-VAC gauge tell 


, you—accurately—continuously. 
is furnished, the instt Records pressures from 0— 
phot pl 10,000 microns. Invaluable in 


CEE Oe Eek ae. SUETAE processes requiring dependable 


ae sk Oe knowledge of vacuum condi- 
tions. 


ins of ground f gladly sent upon request 


CONTINENTAL ELECTRIC CO. 
1. Gardner La atory St. Charles 6, Illinois 


love V1 Wash } PHOTOCELLS VACUUM SWITCHE 
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Send for Descriptive Pulletin 


GENERAL PLATE CO. 


ATTLEBORO, MASS., U.S. A. 





Kurman 
OFFERS 
2 New x 
et. 
Sensitive 


Relays 





SENSITIVE 
14 Milliwatts for positive operation. 


ADJUSTABLE 


Pull up—drop out—speed. 
DROP OUT 
From 50 to 85 of pull. 


CONTACTS 

Fine silver—112 amps 110 V. A.C. 
RANGE 

.0005 V. 25 amps -to- 20 V. .00065 amps. 
FEATURES 

1C-—Wide contact separation. 

2¢ Speed .001 seconds. 
RUGGED 

Some customers report 4 years continu- 

ous satisfactory operation. 


Kurman Electric Co., Inc. 


241 Lafayette Street, New York City 
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Coil and Condenser Tester 


Utilizes me “electrically 


method ot 





elected) cam ingles \ motor-driven 
cam ictuates three sets of breaker 
points: first set of points is set at 20 
we = 

cam angele representing high speed opel 
ition: second it 30) representing mie 

dium speed; third at 40°  representin 

low speed Spark ip calibrated at 20 
mm. is used in conjunetion with motor 
ind breaker points. Coils under test are 
pre-heated electrically under time control 
Condensers are tested by circuit: em 
ploving neon ro tribe Stromberg 
Votoscope Cor) Lawrence love 

(hicaade / 

Safety Transformer 
This new tvpe. of transtormer, devel 


oped for inere asing the safety factor in 
Inspection or m untenance service, Is par 
ticularly designed for use where Inspec 
tions or maintenance must be done with 


electric illumination and in moist or damp 
places in buildings pe rmeated with ex 
plosive vapor or fumes. Likewise, its 
use around any machinery, boilers, tanks, 
ete reduces shock or explosive hazards 


\ primary cord, rubbe r covered ind 
Underwriters’ 


into any 110-volt 


listed, mav be 
circuit. ‘The 
Which extension cables 


plugged 
ot) evele 
two secondaries to | 
consist of vulcanized 
( lyle with 
out-plugs. An 


vill not 


ire attached each 
pproved special non pull 
ordinary pull on the ex 
tensor break the circuit 


feme Elect ¢ Mfa. Co. Cleveland 


Calibrated Resistors 
‘MW™ insulation is 


s RMS _ 60-cvele 
hetu 


rated it 1,000 
1400-v. peak) ap 
teal be een the resistance element ind 
which the resistor is 


ted. Resistors are rated at the power 


net Diate on 


aiissl to! hich produces Lb tempera 





ibove a surrounding 
temperature of 40 ( 
| surface, and under such 


when mounted 
heat conditions 140°) tests reveal that 
“MW” will operate without changing 
ny of its normal physical or electrical 
properties International Resistor Co 


\ Broad S/ Philade lnhia Pa 








Photo Electric 
Apparatus 


These instruments incorpora 
the Lange supersensitive ce 
and are therefore suitable { 
high-accuracy as well as lo 
intensities. 


Among the instruments are- 
UNIVERSAL COLORIMETER 
for use with liquids, powders « 
solids. 

ILLUMINATION METERS of 
various types—direct reading 
r recording. 
PHOTOELECTRIC CELLS of 
highest sensitivity for photo 
metric or colorimetric work. 


SEND FOR OUR 
NEW APPARATUS LIST 


PFALTZ & BAUER 


INCORPORATED 
Empire State Bldg., New York City 
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OPTICAL PYROMETER 





PYRO 


SELF - CONTAINED, 
DIRECT READING, 
RUGGED AND 
FOOL-PROOF 


Unique construction 
enables operator to 
rapidly determine 
temperature even 
on minute spots, 
fast moving objects, 
or smallest streams; 
no correction charts 
—no necessories,. 
PYRO OPTICAL is 
now available in a 
new type with three 
separate, direct- 
reading scales— 
ideal for steel mill, 
open hearths, soak- 
ing pits, laborato- 
ries, ete. 

Stock Ranges: 

1400° to 5500° F, 


PYRO RADIATION 
PYROMETER 


Ideal for furnace r kiln 
use. Gives actual heat of 
terial aside from fur- 











nace or kiln te | 
erature. Does f 
kil 





sates 
Always ready 


within three seconds a! 
rtcomings in your eq 
s k ranges 10 

Fr 


Write for special bulletins 


THE PYROMETER INSTRUMENT CO 
103-107 LAFAYETTE ST., NEW YORK, N. Y 
GRANT BLDG., PITTSBURGH, PA. 
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NSTRUMENTS and METHODS for 
“Measuring Driving Skill 


By HARRY R. DeSILVA 


Bureau for Street Traffic Research, Harvard Univers'ty 
Administrator WPA Project on Investigation of Driving Skill 


Formerly Director Psychological Laboratory, Massachusetts dec 4 ‘ollege 


INTRODUCTION 3. We have endeavored to make our tests intere sting and t 
7 . retain some of the atmosphere of actual driving conditions. It 
~- RIVING a motor vehicle requires concentrated : hg 
d ; idi , a t ti ; is true that glare sensitivitv may be tested without h ving the 
" t 1O > CC al OTe ‘ uc ‘ 1 
effort in adaditic n te certain } ntia ities” such as observer face two automobile headlights, but it is difficult 
good sensors equipment, motor coordination, emo convince the ordinary man that this is so 


control,’ and judgment. 


When roads were slow 


: . t. Since we usually go to our subjects, instead of | i 
irs so constructed that few could exceed 20 m.p.h.. them come to us, we have tried to keep down the size of or 
‘ly anvone was fit to drive. ‘Today. as is proved by equipment so that it can be transported by truck 


ilarming and increasing 


dent rate (almost 1.300. 
WM accidents’ ~ ~ last 
ir). many autoists do not 

OSSeSS the greater ability 
quired. 


In our laboratory we test 
oth the potential and the 
required skill of drivers by 
neans of special instruments 
which duplicate certain emer 
gency situations on the road, 
ind which give more accurate 
ind more significant indica 
tions of the driver's respon 
ses than could possibly be 
obtained by unaided human 
observations.'' 

The investigation was ini 
tiated in September, 1934 
under the Massachusetts 
Emergency Relief Adminis 
tration, and continues under 
the new Works Progress Ad 
ministration. 

The first and most impor 
tant purpose of this investi 
gation was to analyze driv 
ing ability. To do this we 
devised and constructed a 
considerable number. of 
pieces of apparatus to meas 
ire accurately under stand 
irdized conditions the basic 
ictors which go to make up 
driving ability; such as re 
ction hand-foot 
oordinations. and 


time, eve 
speed 


ind-timing estimation. 


UTSIDE of a few 
dents, the principal causes of America’s high 
motor casualty rate are (1) bad driving, (2) bad 
cars, (3) obsolete roads. 
can cut down the amount of bad driving and the 


“pedestrian’s fault” acci- 


The use of instruments 
number of bad cars. The problem of bad driving 
is one of (a) unfit drivers and (b) uneducated 
drivers. The tests described by Professor DeSilva 
make it possible to yank off the wheel those who 
lack the requisite aptitudes, and to educate those 
MFB 


who only need to improve their skill 





Using our experience and 
that of others 
who have contributed to this 
field of work, we have de 
ised a series of tests, whic 
1 
now include the following 


l. Braking-reaction ‘Te 
2. Steering Tests: 


1) Miniature Steerir 


b) Combined Steering 
Braking 
c) Full-sized Steering 
3 Speed ind-tin Ing-estin 
tio lest 
!. Visual Test 


Gr'are-bliindness 
hb) Movement Percepti 
¢) Depth Perceptior 
d) “Tunnel Vision” 
e) Visual Acuity 
ft) Color-blindness 


5. Auditory Test 


6. General Tests Including the 
Training of Drivers: 
Miniature-highway D 0 
lest 
| Movir picture Drivi 
lest 
‘ Iixperimental Road ¢ 
7. Tests for Fatigue and ot 
Physiological Handicap 
]. BRAKING REACTION 
kemergencies such as. re 
1] 
Suit in COLLISIONS cannot us 
} 
allv be anticipated. When 
collision looms ahead of us 
Wwe Want to stop qu ickly 
but it takes an appreciable 
time tor us to reac f ) 
appreciate danger and start 
to apply thre brake Q)ur 
] 
braking-reaction timing 


equipment, Fig. 1, duplicates 


rhe evolution of our program—the selection of the tests the arrangement of the controls in a Ford V-8. A reg 
ind the design of the different pieces of testing equipment lation red and green traffic signal is located in front of 
been governed by practical conside rations: the subye ct. who is told to put his right foot upon 
|. Because of inadequate funds, certain parts of our equip rccelerator when he is ready. and to leave his left foo 
ent, which would have been better if purchased, had to b : is : 1] "Seis 
n any convenient position. Pressing upon the accelerator 
orlously constructed by hand. : 


2. We have endeavored to design our tests so that they mig! 
sume as little time as possible, 
eral hundred people a day at auto shows and similar gather 

es. Our aim has heen to devise battery of tests which car 

taken in approximately twenty minutes 


starts the cam of a motor 


} 


in order that we might test on a green light. Thereafter. 


When the red light comes 


1 
Selector switch. whic Nn 


} _ : } 
on, thie sub e¢ 


] } 
turns 


] | 
erval which varies 


an int 


with CAC hy trial, the sf lector SWIte hi turns on the red light 


removes his 
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Fig. 2. Miniature steering test apparatus 
mot Trom thie wcelerator ind le presses thre brake ped i| 
possible This short accelerator-to-b 


is ] ICKIN is 


rake 


synchronous 


ota 


ZZer 


] 
sell 


Th 


reaction time is measured by an accurate 
I ce] I) (vp timet ( ilibrated in hundredths 
‘ yma 
Should subiect anticipate the red light. a bu 
razzes” him for cheating; he quickly accustoms hin 
o refrain from “jumping the gun \fter two practice 
s. five successive reaction times are recorded 
biect’S braking-reaction time is the average of tl 


We found in testing more than £,000 people that 


eS, 
thre 


rt 


ip 





! 
he road, but that by manipulating his steering 
re can keep on the road. This means that he m 
St t ire lly in slight chang Nn thie direction 


car. so as to compensate for it by turning his s 


] | 
wheel: his car goes to the right. he must t 


4 83 
steering wheel to the left. and so bring the car bac 


] 
the road. .\ cam. cut to give an irregular series of 


and-forth movements d Iring a pe riod of a minu 


rols the motion of the car. Stee ring’ abilitv is meas 
t] that the 


terms of thre driver is 
one-minute period of 


pe reentage of time 


stav in his lane during the 


The data obtained from more than 3,000 peo} 


closed a definite correlation between steering sk 


driving experience. Experienced drivers make thx 


and these correspond to the length of tim 


SCOres, 
have been driving. The tests showed also that as a 
women learn to steer less readily than men but cor 


Men 


to about ten vears of experience, 


to improve longer. improve in steering abili 
and then start 
men and women 


Children 


marke d 11h} 


cline. After 25 Vears expe rience, 
to approach equality in steering ability. 


LS do poorly childre n over 15 show 


ment; young people from 17 to 21 make the h 


After 55 


driving coérdination 


scores of. all. there is an increasing 


b) Combination Braking and Stee ring Test. A 
Miniature 


a small-sized trafhie signal int 


provement upon the Steering ‘Test has 
the introduction of 
roads« ape a red light is flashed at odd intervals 


Ing the test. 


measured while he is under the necessity of keeping 


car upon the road. We have found that braking-ré 


times are often 0.2 second long r when measured 
Steering ‘Tes! 


The St 


the accompanying distraction of the 


when measured on the Braking Test alone. 


l'¢ st scores are corre sponding] lowe r whe n the ad S 


ing traffic lights are operating. Inexperienced d 


find this test particularly difficult since they have n 
- , ; } ; 1}. 
several activities simultane: 


] . 1] ' es \ 
earned how ocarryv ou 


( Full S LCa Steering T' St. | lg » shows Ol 
Sized Steering Test apparatus—the outcome of o 
tempts to make our Miniature Steering ‘Test mor 


7 
Subject 


lord V-8 cal 


front ot 


istic. ‘The sits in a full-sized 


observes the moving highway in him thro 


and the braking-reaction time of the sul 





r reaction time is around O.44 second. The sl 
st on record is 0.24 second. Longer reaction times. 
LOO sec yn i bye nt orded 
\ s of abo 23 hay rw fastest braking reac 
7 | rom iS 1" on ay tire le ng hye ns rl id l 
| Sl much connection between brakine-reac 
dl ( « CANPCPrich () ( ness Seems ( 
nboor potentia factor, nol mn lh im 
ved by il driving experience. Many 
iveStig ms iv¢ dom WOrk On Tre 
on time, most of them using Dr. F. Moss 
method Of ootaimine results 


Wi ive recently perfected another timi 


( ' to st ! in automobile to measure 
, , 
oO } i S nae? i¢ il dy vin condi 
it annears that hrakine-r ee 
S PPears Ma yraking-reaction. time 
s Ve! nd road condit ons than nak r 
simp I thboratory conditions, but We 
, \ rfor? Is Hoeient] ] a ye 
ive ) t }« bormed 1 SUMCICNTIN mre 
} t tests »>report com Slve findings 
4 STEERING SKIL! 


i Vip atu Steering Test lio » s| 


one model of the apparat is designed to me is 
| 17 

ure skill in steering. Seated in a regulation 

oof hil at af . & , | | ' 

AULOMODLIC SCAT, ne subbed lOOKS at aminia 

ture road scene In a 20 second practice 


discovers that his dummv car has 


thant 


ar riod hie 


? 
a greater iormal tendenev to wander oft 
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Fig. 3. Full-size steering test apparatus 
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ed windshield on which a cle an sector has been 
«ed by a windshield wiper. A cam drives the moving 
wav scenery in such a way as to give him the illu 
of driving along a road. He soon finds that it is no 
to keep his car in the proper lane, for the car wan 
s back and forth and he must keep turning his steer 
wheel to stay on the right side. ‘The score for this 
Miniature 
percentage of time 


s obtained in the same way as in the 

ring Test—by measuring the 
the subject is able to keep in his lane. Dr. A. R. 
er and the National Institute of Industrial Psychol 
have also devised equipment for testing steering 
ty. 

Fig. 4 shows part of the mechanism which produces 
‘lusion of driving alone a real highway. The essen 
elements are three revolving cylinders upon which 
painted highway scenes in colors. The two vertical 

inders contain powerful lamps which project upon 
rear of the screen a picture of moving roadside 
enery. Similarly. the horizontal cylinder produces the 
usion of a moving road. 

Since our Steering Tests correlate well with driving 

xperience, we feel that one of them should form a part 


f the examination for a driver's license. 


3. SPEED-AND-TIMING ESTIMATION 

Many of us have had the experience of riding with a 
person who makes blunders in passing cars on the open 
road when a car is coming from the opposite direction. 
The probable reason is faulty speed-and-timing estima 
tion, an especially dangerous defect, since few who sutter 
61% of the deaths 
in the past three vears occurred on perfectly straight 


% occurred on dry 


from it are aware of their inaptitude. 


stretches or between intersections. 75 


roads and 84% on clear days.’ The modern death trap 
is apt to be a straight, busy highway on a clear, sunny 
day. The sudden vision of a broad, straight road tempts 
many a driver into passing the car ahead. If his ability 
to estimate speed is defective, he may make a gross mis- 
calculation in passing and collide head-on with an on 
coming car. Similar speed-estimation tests have been 
devised by Forbes’ and Miles. 

Another symptom of faulty speed-and-timing estima 
tion is lack of confidence. Safe driving involves a proper 


balance between going ahead at a reasonable speed when 


a4 


verre TFSI TRT 
SPrit TIMING ESTIMATION 








Fig. 5. Speed-and-timing test apparatus 








Fig. 4. Full-size steering test apparatus—Projectors 


conditions warrant, and holding back when they do not 


The confident motorist drives so as to interfere as little 
as possible with the other cars on the road. The uncer 
tain driver, on the other hand, holds up a line of cars on 


the highway, and thus encourages other drivers to take 


risks in order to pass him. With a device such as our 


speed and-timing apparatus, the hazards arising from 


irresolute. greatly reduced by 


erratic driving could be 
training drivers to estimate relative speeds of cars cor 


rectly and to make up their minds quickly when to pass 


In our speed-and-timing apparatus, Pig. 5. we hav 
two cars proceeding down a road at different speeds, the 
rear car moving more rapidly than the leading car. ‘The 
cars come into view for about one-third of the course 


subject 1S 


and then, as they disappear from view, thi 
asked to judge the point on the seale at which the pur 


suing car will catch up with the other 


In giving this test to several hundred peo 


ple. we observed great differences in ability 


to estimate speed correctly. Most people 


erred in their estimation in a negative direc 
tion; that is, they estimated that the rear car 


caught up with the front one before it ac 


tually did. 
} { 


In addition to having the subject estimate 


] 


thre particular point at which the fast car 


catches up with the slow one. we asked him 
to judge when the event occurred. There are 


} 


Some people who do bye tter on speed estima 


tion than on timing estimation, and wice versa 


It has been called to our attention many 


times that 


speed estimation of automobiles 


es to the obse rver, as 


traveling at ri | 
in this test. ma be different from estimat 


ing the speed of oncoming automobiles l' 


investigate this method we set up a plece ot 


apparatus with which subjects could dur 
thre speed oft oncoming cars With this ippa 
found that 


ratus we abilitv to estimate the 
speed of oncoming cars correlates wit! 
specific ability ce Lt rmined by the test shown 


in Fig. 5 
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ciated with night-blindness. we should il 
our further work to experiment with th 
min A content of the diet of glare-sens 
Subjects to see if we can improve their 
vision. 

b) Depth Perception. Another factor 
tributing to safe driving—especially in pas 

is an accurate sense of depth perception 
test it we use the depth-perception appar 
devised by Capt. Howard and employed i 
U.S. Army Aviation examination. 

The device, Fig. 8. consists of two ver 


rods, one of which is permanently fixed 





ject, can be moved toward or away from 


a white background at a distance of 20 ft. { 
tl 


distances is estimated by the results of a s¢ 








e subject. His ability to judge compara 





of attempts to put the movable rod exa 

Fig. 6. Glare vision test apparatus alongside the fixed one. 
After two practice trials, five judgments are m 
\n individual who persistently places the mov 


lL. VISUAL TESTS rod more than 25 mm. away from the fixed rod 
Of all the senses involved in driving an automobile. periences great difficulty in learning to fly. The auto 
ision is of paramount importance.” The color-vision mobile driver who is similarly defective is proba 
ind acuity tests are of less significance than tests which a hazard to himself and others on the highway. 
° leg 1; ) ° 
rae? ie r Peary trengaag ” , ” in | ue aii C “Tunnel Vision.’ The normal driver or pe cle st} 
can look straight ahead and _ still be able to dete 
Glare-blindness. Some people are blinded vehicle coming toward him on either side. Som 
much more by headlights than others:” > in fact. persons, however, can see only in front of 
disabilitv is serious enough to be desig as if they were looking through a tum 
nated as vlare blindness. ~ For testing They cannot see a car approaching fron 
s headlight elare-blindness. we have side road or coming around from the r 


devised the novel apparatus illustrated in 


until it is almost in front of them 
Fig. 6. The person taking the test looks 


nioa closed box whi re hye CN} rienees thre 


striction of vision to less than 60 


each side 1s decided] dangerous. | 
sion of meeting another automobile 


9 shows a perimeter with which we meas 
: RING ACUITY | ) 





with glaring headlights miniature pe ure “tunnel vision.” While the subj 
destrian is located on the right-hand. side METER looks straight ahead of his own imag‘ 
of the highwav. The subject has his own set the mirror, the examiner moves the light | 
of headlights with which he can control th Fig. 7 out from the center alone the curved iron 
tal illumination on the road, and he is told that hn until it passes out of the subject’s sight. This pro 
must increase the intensity of these headlights until he is cedure is carried out for both left and right side. ‘| 
ible to see the pedestrian. He is scored according to the angles at which the light disappears from the s 
imount of increased brightness (of his own lights) neces lect’'s view express the scope of his peripheral vis 
sary for him just to perceive the form of the pedestrian they tell “how far: he can see out of the corner 
In trving out our glare test on several hundred peo his eves.” 


} } 
ple. we found that some of them were glare 
blind to such a degree that we had to reduce 


iw glare of the opposing headlights: and 





en, with their own headlights turned 
on full, they CX rienced difficulty in detect 
ny thre pedestrian’s presence It IS obvious 


il many drivers ire olare blind and don t 





If this apparatus should be made availabl 


hroughout the country. it would in time do 





m el to teach glare SENSITIVE people to be 
more careful about their night driving. It 
ould also be used with advantage in educa 
‘ 


] 
ronal work among bus or truck drive rs who 


have to drive at night 





Recent investigation has shown that night 
blindness is connected with a deficiency of 
Vitamin A Possibly it can be corrected or 
lessened by the addition of a plentiful sup 
ply of this needed vitamin to the diet of peo 


pl so affected Since olare blindne SS 1S asso 











Fig. 8. “Rod test” for depth perception and judgment of distance 
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base, while the other, under control of the l) 


Phey are located side by side and seen aga st 
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1) Visual Acuity. The relative impor 
of visual acuity, or keenness of vision, 
itomobile driving has as yet not been ac 


ly determined, but it is evident that a 


ite 
m with poor acuity has a handicap of 
ch he should be aware so that he may 
pensate for it. A simple device for meas 
gy visual acuity is the Landolt Ring Test, 
7. The subject, seated a definite distance 
the screen, is asked to judge the open 

rs in each ring while the operator brings 
» view successively smaller incomplete 


vs until the subject is unable to discern 

position of the opening. Since acuity is 
rtly dependent upon illumination of the 
st object, a fixed intensity of artificial 
inination is maintained. Another simple 
paratus for testing acuity is a Keystone 


Stereoscope*, Fig. 10, supplied with specially 


signed cards for separate monocular and 


nocular tests. 


Fig. 9. Perimeter for “tunnel vision” test 





Intensity 
thre 
certain 


he 


e) Color-Blindness, Since many people are unaware yperated audiometer. With it we measure the 
hat they are color blind, or color-weak, a disability of hreshold of motor-vehicle operators, and test 
lis kind may be a serious source of confusion, if not of presence of any tonal gaps, or deafness to 
ccidents. We have found by testing several pitches. By informing drivers of th 


housand people that there are many who, ing disabilities, we enable 


hough color-blind according to the Ishi 









is a passenger, inability to hear may 
in aid to one’s driving. Otherwise, sub 





} 


laboratory, we move the road 
toward the observer. T! 
standard iutomobil seat 
steering wheel. brake im 


starter, accelerator, ignit 


positions, As he turns on the 
his toot on the starter, lhe 


start. After he has manipul 


road starts moving toward 


W hic 

















side of the road traveling faster tl } 

nove thead of hin whil hose tra ] 

ward him on the left come nearer. He 
| } eee ' ; 

AS fie speeds Ip. that he can pass 

ng in his direction, although in doing 


Fig. 11. Standard traffic-light test for color-blindness 
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move down the road in the li 
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sate bv exe reising increased 


for 


ir 


ir 


) COTM pe ti 
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I) ted Sprac 
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the customarv manner and gone 
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h represents his road speed. ( 
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1 
VILTIANCE 


or! 


iara Test, are able to distinguish be by equipping themselves with hear 
tween the red “Stop” and green “Go Ing ids. 
trathe signals. We therefore use the 
‘ed, vellow, and green lenses of Pe ERASER TERM CLUE 
gulation traffic lights to measure Pilt PRAINING oO} DRIVERS 
lhe subject's color defectiveness Most of the ests) described 
\s shown in Fig. 11, the observer thus far have been tests for sp 
s asked to tell what color ap cifie iptitudes that are essentia 
wears behind the opening in the for driving. Itis desirable to sup 
ox when there is no possibility plement these tests with ot! 
if his anticipating the order of which determine composite 
presentation of the colors. skills required under actual dr 
. ing conditions. ‘To avoid th hh 
5. AUDITORY TESTS Sicicuiiams of Cac waned vend 
When one has a backseat driver driving examination and at the sa 
time retain many of its advantages, we 


normal hearing ability is a decided disad Fig. 10 t miniature-highwav driving a 1, 
vantage: a warning signal from a passing car moving picture driving test; (¢) an experim 
rr a locomotive whistle may not be heard. To measure tal road car. Beside being used for testing. the di 
i iditory efiicic nev we have designed a portable, simpl\ deseribk d below are also planine d to teach be y rs 
S yt Kevstor Co.. Meadville. Penna drive and increase the efhe lency of retarae dd S 
i Min ature H ghway Dr ng T'i § 
Since it is impossible to have the obss 


ng to 
finds, 
irs g 

so he 


l 








must exercise caution to prevent a collision with oncom 
ing cars. The apparatus for this Miniature Highway 
Driving ‘Test is shown in Figs. 12, 13 and 14. To deter 
mine how the driver will act in emergencies, he is place d 
no as many dangerous situations in three minutes as 
would be encounters d Im mm in ve ifs unde r ordin ivy road 
maditions. On at least one occasion during the pe riod of 
the test, an accident occurs: when it does, the driver's 

niature hood and windshield swing back viol ntly with 

loud crash. Graphic records are made of the driver's 


performance during: thi pe riod of the test 


y 
This mina 
hway test is a sort of omnibus test that can be 
ised for measuring a number of different factors. Excel 
lence of performance on it can be measured in terms of: 
he number of cars passed safely: 

He number ot ieccidents: 

he number ot cul-ins: 


cecident situation: 


l 
I 
| 
t. The number of excursions to the ditch: 
The behavior of the driver in the 
| 
l 


i he correct use of the brake: 
e driver’s manipulative abilitv in start 
he car and putting it into gear: 
S The driver’ igilance shown in anticip 
4 
a ond aqangerous situations: a 

] 

4 The Ive emotion control 


At this writing we have not completed a sufficient num 
ber of tests to make definite reports. These will be made 


through official channels; in this article we only describe 
equipment of interest to the readers of Instruments. We 
ire thankful to Dr. Theodore W. Forbes for lending us 
part of his Miniature Highway Test and for permission 
to make use of his original scheme. 

Che Illuminating Engineering Society has requested 
is to elaborate upon this test so as to make a scientific 
study of the human factor in night driving under differ 
ent conditions of highway illumination. Ws propose to 
replace the GO-watt Mazda lamps by miniatur: highway 
lluminants. 

Plans also inelude the 


trees, ete.. to the roadside . 


iddition of telegraph poles, 
ind the installation of traffic 


lights and side roads as idditional sources of distraction. 


b) Moving-Picture Driving Test. Fig. 15 shows the 
design of an apparatus under construction. When the 
subiect starts the car, the rear wheels revolve on rollers. 


+] 


while a cable keeps the car in place. The front wheels 
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Fig. 12. The miniature ' 

highway as it appears 

to the driver looking 

through windshield. 

Fig. 13. General view -. 
| 
. 













of miniature - highway 
driving test apparatus. 





- 


= ; Mt; 


Fig. 14 (below). View of 
miniature-highway driving 
test apparatus as actually con- 
structed; seen from end op 
posite subject’s cab, and with 
cab removed. Note: It is 
planned to add features which 
will distract attention as in 


actual driving. 


rest upon a moving belt, the speed 
of which represents the speed of 
the rear wheels. In front of th: 
driver a large-sized highway s: 
appears to move toward him at 
rate controlled by his “car speed 
As he “drives down the road.” h 
finds that he has to follow curves, 
turn corners, and keep his 
from wandering off to the right 
to the left of the highway, as in 
actual driving. Incorporated int 
the car are devices to measure 
driver's ability to follow the road. 
his reaction to stop lights 
pedestrians, his speed and his \ 
lance. This apparatus will be 

ful in testing a number of asp: 
of driving ability at once, in tea 
ing prospective drivers, and in interesting the publi: 
better driving. 


c) Experimental Road Car. The final step in realis 
in our laboratory testing program is to take the labor 
tory out on the road. In Figs. 16 and 17 are shown so1 
of the devices which we have incorporated into an expe 
mental testing car used on the highw av. Beside a set 
dual controls, which facilitate the process of training 
dividuals to drive skillfully, we have included devices 
measure hitherto neglected reactions of the driver, in! 
nal as well as external, which may be responsibl 


accident-proneness. 


7. DETECTION OF FATIGUE AND OTHER 
PHYSIOLOGICAL REACTIONS 
A common cause of accidents is fatigue or drowsin 
But since the driver has himself to blame when he f 
asleep at the wheel. he often wittingly or unwitting 
conceals his condition. in case he lives, in explaining 
cause of the accident. Thus the significance of drowsin 
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production of accidents is probably much under make 
d. “We have built several recording devices in th ditions 
imental car to measure driving fatigue. how m 
Of great importance to safe driving over long periods plicated 
is the facility with which one handles the steer Driy 
wheel. We measure two aspects of this ability: the strains 


and the change 


in steering-wheel grip, 


ictivitv in direct 


the car. To measure 
former we have de 

} 
1 a steering-wheel 


(A in 


16). It records elec 


recorder 


VNuTe 
ily the pressure ex 
ed by the hands grip 


ng the steering wheel. 


[n this connection it may 


noted that some driv 
rs tire themselves out 
induly by gripping the 
wheel with too great 


LOrce:. The device ean be 
sed to educate such per 


We the 


tter with a rotary-steer 


Ineasure 


sons. 


nq- movement recorder 


D in Fig. 17), 


nakes a continuous rec 


which 


rd of the turning move 
nents of the steering 
the ear is 
The 


driver anticipates the 


\V ee] while 


peng driven. fresh 
drifting movements of the 
car and manipulates his 


steering wheel smoothly 


venly on a straight line. A drowsy operator, on the 


to keep his car going 


In manipu 


ale ad 
othe r 


hand, does not respond so rhythmically and smoothly to 


he wande rings of the ear on the road 


\ car that demands more strength to steer also fatigues 


s driver morte quickly. A friction brake 


att che d to the 


steering wheel of our experimental car and adjusted to 


tance ot 


little inc 


trode S oon 


some ot 
] Lal 
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Fig. 16. Front-seat details of experimental car. 
\1—Steering-wheel grip; A2—Recorder; B—Ex- 


iminer’s controls; C3—Braking-reaction timer. 
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R Miles 1s Ihe author ot one oft thie best art 
ilcoho!] in re lation to motor vehicle drive ra. ‘ Special Reference to N 
pages 428-454 
Street a Highwa 
CONCLUSIONS 6-4 
il ot Acc er S 
Che majority of motorists have good intentions but si  Ratig Rig 
ev need adequate training ‘To examine drivers and H t No | 
ly 
point out their driving faults so that they can correct or , rr Vi 
ompensate for them would be far more effective than SINE, See “oe —— Rail oe 
rlaSse elec on ests or t rermal \allways t\adustrt 
continually to admonish them for their mistakes with the No. 4, Oct. 19 
: | | , t\Miaxwell Halsey. Vision and Other Tests for Automobil D 
reat of forbidding them the use of the highways mee n Mutu A aac 3 
Our object is not to supply difficult tests to restrict more i a ig pas sag fs yey i 7 oe Dery a ¥ 
persons from driving but to make better drivers. A. R. Lauer. How Can We Measure Driving Ability 
: ty News, July 1932, page 3 
Phere are a number of people whom no amount of A. R. Lauer & H. L. Kotvis. Automobile Manipulation R 
. . ° » Visior Jour) f 1 ited Vo 8, 1934, pages 4 
= i ; , . a 
raining would make safe drivers: senile persons, peopl iT Ceckie A Geek Boas Sects | {Baal the Willian 
with serious sensory or motor ce fects, people who have \\ s Cc Baltimore 193 
: ‘s . ( H. Miles. ‘I | oxy « \ ent ‘") \ ) 
i fear of driving and “go to pieces” easily in emergen Me RRS \ 1930.2 nut aes 
ies, fall into such a category. These persons must be G. H. Miles & D. | e, i Institute’s Tests for Aut 
° ) \ . fiun ’ f ’ oO S, 5 | s + 
egislated off the highwavs, but thev are in the minority W. R. Mil Alcohol and Motor Vehicle Drivers. P» 
é } t nth Jnnual eetu tf ti / hwa i wch | rd 
ind we are here concerned with the more serious prob Sages, BED I8N 
° 7 . ] } 1 ¢ tar hit 
m of the majority. Ultimately there must be under , _ ' om lraffic Violators, Wichita, K 
iken a systematic testing and training program tor thie \. | Neyhart. Tl Sa Oj} it.on oO Automol 
} Yeonnsylvania State ( £ State ¢ exe Pent 3 
ndiy d 1Ai drive ts Equipmie nt such is ours could be used {Report of the Con tee o lrafhc Accident Statistics. N 
Vv motor-vehicle re ZISLTIES all over the country and ex ‘ ence on Street a Highway Safety, Washington, D. (¢ 
l F, E. Richardson. Estimation of Speed of Automobiles. P 
plained publicly at lectures, auto shows, expositions, and iletin, Vol. 13, 1916, pas 
6R. W. Sherman. If You Are Going t Driv Fast Bo 
SclEME nuseums. Such a program would cost money, but Silas © oom Fr : 
the outlay would be small compared with the social and C. 5. Slocomb. How G Dr \ \ amer ’ 
\ Oct 32, page 
economic Denehts A. J. Snow. It will 7 e M } ( t St I tt 
t nadustriai J \ . | pages ) 
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Fhe Measurement of Inductance, Ca- \r int and interesting chapter mathematical treatment of some of 
pachance and Prequency. by) \ nm the ignificance of the inductances more intricate problems is essen 
Ca | st C. Cuitos. Macmilla: f me iring instruments provides a and, when used, is meticulously ex 
ind ¢ Ltd., London. Cloth, 6x9 inche 1 net contribution to the art of in the definite and successful effort wl 
{SS ‘ | 0 shillings ! de n has been made to eliminate superfiu 

A he ‘ ew h l | Dp tar i treated ir i manner us of higher mathemati I 

} ind ike , few par mil to inductance ne chapter be to popularize the book among pract 
nd the iuth I } e not pr t d ited to theoretical considera engineers 

’ i } } " ia tions of the physics of ipacitance, one The bibliographical work is rema 

. P excent lie tric constant, power loss, phase ibly complete, the writings of some 4 
} t} urlier f th ! f tk f the three basic classes of uthors (predominantly European) 
i , , er of articles lielectrics—plates, films ind fluids ing quoted in approximately a thous 
re brook ‘ : ! idir i comprehensive table of di references, identified, and distribut 
nd . ht up to date bv th ‘ ric ynstants of materials, and one is footings on pages to whose t 
i h new matt hapter to the principles and construc they are relevant. More than sixty 
at ee Se | eee tion of condensers—solid. air, gas, oi these are references to prior works 
Reheg \ = - nd electrolvti wet and dry, fixed and one of the authors of this book. In 
‘opener rs : ee “$8 jjustable Capacitance measurement lition to the usual subject index, tl 
“aig Sema aint aati cordit to four essential principle is an index to these citaticns under t} 
’ reat variety of elabor elu lated in a chapter of 43 pages name of the respective authors 

‘ bs. baa Rae nd) network rhe measurement of frequency is Lp- have been quoted There is also an A 
I hapte wre devoted to measuring ached in the sense of an essentia pendix giving a list of some fift 

" nstrut ‘ penta the t the determinatior of capacitance modern standard works of referer 

i ind | tat ne of anil d ind ictance Ss x basic methods be The conventional Table of Conte! 

: re #5 ; ee ocr ! classified There are described a vecupies sixteen pages and lists by 
. “ptsintt Lat See nace imber of frequency meter hardly ind number each of the 515 paragr 
: 5 cee nown in American practice. Ten de which comprise the 23 chapters of t 
. ' t f inductar s ‘ ! vypes are treated, as well as a volume 
i rom tl mo elementary ca va number of frequency-sensitive The book shows every evidencs 
$e sas tt ng Pha 1 * ! 1 networks, many utilizing th principles having been undertaken as a_ sacré 
nd ead I res ince. Ther ppears a detailed duty to science, and there is eve 
‘ e consid I 1 ission of piezo-electric principles where apparent the most painstak 
pe form of mutu inductance howing various applications of quartz care that no stone shall remain 
ede et resonators precise frequency stand turned in the interests of thoroug 
: ; : ater : t : oe ) irds : ness, precision and clarity The 
~pegae ie : th em teat Phe bo vk lose wit! four chapters stinted effort that the work of ot! 
ft The ? Ss és : sapeetcay ge — sie rey ed to a potentiometers, their investigators shall receive due re 
eg ‘ ae nee eae nstruction and uses, thus in a com nition is most praiseworthy. There 
lere ‘ i o the sub plete ind satisfying manner rounding little doubt that this work of Mess 
se a aa . 4 preted of i ong . seer out the ene: il subje ct of determina- Campbell and Childs is destined to tal 
eh + me : Jp eee ‘ aA sede . on of fundamentally alternating-cur- its place along with Ewing's “Electr 
: - arieie ‘ ¢ magnetic Induction and Thomps 
_ — I - Ale rs oh - ae ot fusely used—453 Dynamo-Electric Machinery” an 
: “ages oes rienmy irt original and the imperishable classics of electr 
: ' iphs, together technical literature 
; nductance f data. Whil Perry A. Borpen (4)-B 
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Fig. 1. Student engineers are trained in the dismantling, assembling and repairing of instruments and control systems. 


ve | Training Instrument Men Where Instruments 
sme | are Made Manager, Service we = nee ‘0., Philadelphia, Pa 



































itor ry . . 
ai ITHIN recent years the advantages of intel lustry. The importance of this position justifies the se 
n ligent instrument application have become more lection of a man of the highest type at a salary con 
evident to industrial leaders. The possibilities mensurate with his responsibilities 
of improved production with the aid of automatic control] It is well recognized that we cannot all be expert 
b devices have led to much industrial research and de accountants, engineers, artists, ete.. and so it is with in 
velopment work in which the trained instrument man has strument work. A competent electrician or mechanic may 
i ; 
a been of greatest assistance. turn out to be a poor mstru 
On the whole, industry is ment man. The man selected 
- of the , . a ———— : : 
sent rapidly becoming instru ] for this purpose should pre 
= ment-minded, and the edu | R GUsBTIONbAIRS ferably have a technical 
rfluou cational development of its | ‘ isa foundation ae mechanical 
° | ¥ 8 ee . wae ; 
actical instrument personnel is an itn " eign ss electrical or chemical engi 
. . 2 be sm £.4.¥%. for s given temp . 
—— important factor. Such spe Tien s/o generates she soet 6-8-0. eletee 1st neering or physics, with 
; > , a. Why ; 
me 4 cial education is now avail Mw or I~ why? ao See eS strong leaning for practical 
n) ‘ ] “ao = : 
asa ible to concerns that desire | POTENTIOQNETZR QUESTIONNAIRE ipplication and an ability to 
‘ibute | ft. P ‘ . ‘ Zz ¢ 
; te 0 take advantage of it. Mey 1. explain tne difference tetmeen toe Ltmeter ané the work with his hands. Men 
xt) became who have ridden hobbies or 
rks of In a recent Instruments 2, Drew a diagre had 
In a 4 . | oe E Md mterests along electro 
as irticle* a well-informed In r 
eae dibs . J eUTOupss TRyb GUaSTIONNalng mechanical lines seem to be 
er th dustrial Engineer empha 
s wi oar ee a : 1, What is process lagt particularly adaptable to 
in A sized the importance of em SERCO RT re r 
fift: ] ; . | sia ele ‘ the instrument field 
rer Ploy Inge a te chnically trained | 3. What is meant by process changes? 
mig ts instrument man to supervise n———___ ; a = 
y tit . : 1} . } After selecting i SUITADLE 
grap the care and application of Oe gins bONNAT LS man, industrial coneerns 
. ° » . | ‘ F bor e a 4 fuele 
nstruments. Such a man, tra ' ° : U have been confronted with 
. . > 1% ¢ air apr is deficient, what t# indesirabtle ic te : : 
“> ! prope rly trained inthe serv reault from combustion? the proble m of how and 
ski cing of industrial pyrom | ee ee ene ee where to train him in the 
aki ee oe: ‘ e e sad " fe 
2" ers, flow meters, thermom sine suerte ‘ gees piers z irt and science of servicing 
ig eters. electric and air con l instruments. Lead ng instru 
ot! trols, ete., and educated to ment manufacturers, recog 
ect ndersts 4 oe par) (p-aeene fhe P 
lerstand and visualize nizing the Importance of 
fan 2 . ao Tha . 
inufacturing problems, is SAAT DARED ANE properly educating men. in 
I immense value to any in 4. mat three primary devices can be used with Brow: instrusente the idjustme nt and ipphi 
} 17 | , my does Brown employ the thin plate orifice cation of their equipment, 
selecting and Training Plant In oo te performed by the primary device? 
nt Men. G. P. Bosomworth precios hepetintal abd en . have established educational 
4)-B ruments, Nov. 1935, pages 285 - : ; si 9. : ; ieee 7 ' 
Fig. 2. Typical “final exam.” questionnaires. ind training tacilities no 
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Fig. 3. Students at work on a panel board equipment. They are taught to erect panels and install instruments and to wire up 
meters in the most approved manner. After the student rebuilds and adjusts his instrument or meter, he mounts it up on the panel 
and proceeds it put it into operation, under the guidance of the instructor. 


only tor their own pre rsonnel but for users of their equip 

ent. The scope of training at any one manutacturer s 
school is generally limited to his own line of equipment. 
However, the basic principles of operation ind applica 
tion are sufiiciently uniform for the student engineer to 


itl While this 
] 


irticle ipplic S specifically to the Brown Instrument Co.. 


rrasp them from anv a ioritative source. 


] ] 
s the intention to illustrate the facilities that ar 


vailable in this country to train men for industrial in 
st n work 

It s almost as important to provide for the studen 
ngineer’s welfare and contentment during the training 


period as it is to provide for his instruction. The time 
itted to the work is generally from two to ten weeks. 
lepending upon the number of types of instruments to 


instruction desired super 


7 


covered and tl 
tenance, ete. so that e student engineer 
has | le time tor study during his working hours. He 
must do most of his st idy and paper work at night. H 
should therefore br provided with good, clean, comfort 
thle living quarters, preferably close to the plant. Such 
v available at nominal expense, 
ipon advanes request! through the plant to be visited. 
Phe Brown Instrument Co. has so established its pro 
cedure that the student does not have to spe nda lot of 
me getting acquainted with his surroundings. There is 
no floundering about from one department to another 
seeking an education in piece-meal fashion. He is turned 
over to the Instruction Supervisor, Mr. R. A. Weikel. 
whose thirteen vears in instrument development and ri 
search work, and whose intimate knowledge of the line. 
enable him to place the student engineer in the proper 
channels. Complete instruction facilities are brought to 
the student in one department. Mr. Weikel devotes his 


full time to the ‘Training School and to the preparation 


of Training Bulletins, Questionnaires, ete. 
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In view of the limited time available for training pu 
poses, it is important for the prospective student or 
his employers to formulate in advance some well-detined 
idea of the types of instruments which he is to stud 
ind to decide whether his instruction is to be for act 
instrument servicing or for general supervisory purpos 
The average capabl man, with a background as sug 
gested pre viously, has been found to master the deta 
of repairing and servicing an average of one typ 
instrument or meter per wee k. Some types of meters 
control systems require the attainment of skill in 
handling of tools and parts in addition to acquiril 
knowledg of the general construction ot the I 
Chis type of meter generally requires about two w 
study by a man who is to do repair and servicing 

Supervisors are generally interested only in a working 
knowledge of the instruments and can thus cover 
subjects in shorter courses. 

The following outline will indicate the scheme ot 
general course. Concerns interested only in specific 
of instruments can select the sub-course desired, 


economizing on their man’s time 





Millivoltmeter Pyrometers, Indicators.............0..0- a | 
Millivoltmeter Py rometers, Recorders....... el 
Potentiometer Pyvrometers, Single-record............ccccc0cceeeees wa 
Potentiometer Pyrometers, Multiple-record.............0c00 eel 


Flow Meters, Electrical it J —_ lenin ‘ 
Flow Meters, Mechanical ( ne flow caleulations.......... = 
( Os Meters, Electrical..... : seine execs bat tnak duiaardcens bode Cuenca cael 
l‘achometers, Electrical ................... 
LROTIROMETETS, TVEGIBURIICE THE iieccksscsedsiscvarissecsivescosesesccie 
Pressure Gages: Bellows, Helix, Bourdon tube................ 2 


Thermometers, Pressure RC isivesasxasescnsaascensen, heucnevpicset aie i 
Automatic Controls, Electrieal............... Sdswksusers side oabvebasiks l 
\utomatiec Controls, Air-operated........ AAI ER ro l 


In addition to the practical bench work in which 
student is individually instructed, each course ends ¥ 


a written examination. Fig. 2 gives an idea of the q 








wire up 
the panel 














Fig. 4. Practical work in the flow meter course: Student engi- 
neer running a water-column test where the conditions are similar 
to those he would encounter in the field. 


tionnaires. There is little time during training hours for 
the study of books, but Béhar’s “Fundamentals of In 
strumentation” is the reference text, and copies of 
Instrume nts are passed around. 

It is, of course, readily evident that any instrument 
instruction course can only form the basic ground-work 
for application and future development. It is not pos 
sible to crowd much actual practice and application into 
i few short weeks, in addition to the study of details of 
construction. A good instrument man will therefore learn 
much in his own industrial field after he completes his 
instrument training course. 

Some industrial concerns are Jocated in small com 
munities where there is a limited group of men from 
which to select their instrument men. Also, some con 


cerns prefer to employ instrument men on the recom 





Fig. 5. Student engineers building up a gas-fired furnace for 
experimental and demonstration temperature control work. In 
cluded in the practical work of the course is the proper adjust- 
ment of air-gas ratio valve settings, running piping, wiring, etc. 
These subjects are purposely included, for the aim of the course 
is to give a well rounded understanding of the various phases 
of instrument construction, installation and maintenance. 


mendation of the manufacturer. Anticipating this need, 
The Brown Instrument Co. selects a number of men ot 
the right qualifications, in excess of their own require 
ments, in each training group. These “extra” men are 
available for industrial plants where their services are 
desired at the conclusion of their training course 

There is ample evidence that Instrumentation will be 
a substantial factor in future production ictivities in 
most of the leading industries. Progressive concerns that 


built up a trained instrument personne] 


} 


who unde rs ind 
their manufacturing problems will undoubtedly be in a 
commanding position. Time is an important factor in the 
education and development of good instrument men; and 
concerns which have not already done so will find it 
advisable to start training their personnel as early as pos 


sible and while training facilities are readily available. 











IN ITS MOST CONVENIENT FORM 


You can slide any number of these blocks together 
to make an accurate unit gage. Their shape makes 
them easy to handle. 


OMmANS SON 


GAGE BLOCKS AND ACCESSORIES 





Manufactured, sold and serviced in the United States and Canada by 


FORD MOTOR COMPAN Y 


Johansson Division Dearborn, Michigan 
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Auxiliary Equipment for Cathode-ray Tubes 





It \ i ne blished serially [nist nes This series began in the July 193 
By RALPH R. BATCHER 
Radio engineer; cathode-ray and electronic application specialist, Hollis, L. I., N. Y. 
LINKAR TIME BASI THE CIRCULAR TIME BASE 


[ddendum 


The principle of charging a capacitor through a_ re 
sistor and discharging it through a gas-filled tube is 


emploved in the linear swee p of the new Clough-Brengl 
oscillograph, Fig. 25a. This equipment is based on the 
RCA Type 906 cathode-ray 


lig. 2 5b. 


Opn rational features of the 
beste. i 


former supplies potentials to two interlocked rectifier 


s circuit) is shown in A single trans 


ircuits which supply operating voltages to the oscillo 


grapli tube, the linear sweep circuit, and two amplifier 
tubes. Provision is also made for the use of a 6O0-cevele 
sinusoidal time base All of the usual operating con 





In the study of recurrent phenomena or evelic disturb 
ances of any nature, it generally is possible to utili: 
circular time base to gooll advantage. With this met 
the time base has a greater length for any partic 
screen diameter and permits the delineation in a man 
readily analyzable, of several curves which are suj 
posed for direct comparison. A handicap of the cathod 
ray oscillograph (that of a limited screen area) is o\ 
come with this arrangement. 
used as early 


have been used since. Fundamentally, the principle is 
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nections, when the oscillograph is used in normal tests. 
are inte rnally controlle d by three spe cial switche & a 7. 
S. The / 


ipplied waves to the vertical deflection plates either di 


ind switch has two positions and connects the 
rectly or through an amplifier. The latter uses a single 


tvpe 57 tube and is controlled by an input voltage di 
vider, G. The horizontal deflection is controlled by the 


H, 


the GO-evele sweep, the linear sweep. or to some external 
; } 


switch which is set on one of its three positions, to 


circuit. Deflection amplitudes are in the latter two con 
thre H. The third 


controls the application of the interlock 


ditions controlled by voltage divider 


switch, S, po 
tentials for the linear sweep, which consists of a capaci 
tor C’, charged at the desired rate through the resistance 
R, and periodically discharged through the gas tube 885. 
The voltage variations across the condenser are amplified 
by 
but 


controls 


a 2A5 tube to permit ample deflection swings with 
small voltage variations across the condenser. The 
and BR are 


any portion of the screen 


arranged to center the diagram on 
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produce a circular trace by rotating the spot at a defini! 


rate, as by applying a known frequency to a rotat 


circuit (hereinafter described) and then to apply to t 


system the wave under study so that eithes vertical 
radial excursions are produced in addition to the circul 
motion, thus producing a “gear wheel” appearance. T! 
will be 
spot and (b 


section devoted to (a) methods of rotating t 
methods of producing the supplementa 
de fle ctions. 

If GO-cycle potential is applied to any of the cireu 
described below, the spot will rotate 60 times per s 
ond. Theoretically there is no limit to the frequency t! 
can be applied to these circuits, as long as the catho¢ 
rav tube can be focused accurately at the higher defl 


Chubb. Polar a Cire ir Oscillograms. Electric Journal, Vo 
page ( 
Ano Polar ( na Studie with Cathode-ray Tubes 
fur LTechnisches lessen, Sept. 1933, J-834-14 
U.S. patents 
No. 17682¢ Phase measuring circuit. Marrison 
No. 1882849. Frequency production. Marrison 
N 18828 Frequency production. Marrison 
4{Germar ite! DRP 373834, 1915 
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A circular time scale was 
as 1915 by Lilienfeld’* and many forms 
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list D 
tiliz a 
method 
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ithode 
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velocities. In radio transmitter modulation tests (to 


2 leseribed) and in the measurement of phase differ 
j s, radio frequencies up to several megacycles are 
} 


|. In other applications related to the study of cer 
| industrial processes, the spot may move slower than 
revolution per second, the eye does not see a com 
circle unless a “slow” screen is used—of a material 


marked phosphorescence. At frequencies higher 
about 24, persistence of vision makes the observer 


a cirele and the eye cannot detect the motion of the 


For most practical applications it is desirable that the 
eed of rotation bear some definite relation to the fre 
ency of the phenomena investigated. This is usually 
difficult in the case of electrical investigations since 
inv effects occur at the frequency of the a-c. line. In 
er eases electrical oscillators are readily assembled 
ould a particular frequency be required. In certain 
sts it is necessary that the rotation occur at a known 
ite for timing purposes such as 1000 revolutions per 
cond. 

ROTATOR CIRCUITS 

(he basic principle of these circuits is to apply to 
ich set of deflection plates or coils, potentials of the 
same frequency but out of phase, usually in quadrature. 
\ phase-splitting circuit is thus necessary to produce an 
nit-of-phase component from a single phase supply. 
One simple circuit, shown in Fig. 38, 
resistance and a capacitance. Here (if a true circle is 
required) the impedance of the resistive branch must b 


consists of a 


equal to that of the reactive branch: 

R X,. and Rk, X 
it the applied frequency. The first condition is obtained 
by adjusting R or C, and the last condition is usually 
practically realized since both R. and X, are both gen 
erally negligible. It also is necessary that the applied 
potentials have a good waveform. 

A number of interesting variations of this circuit are 
possible wherein the phase-splitting is done by an ac 
tual resistance and a capacitance as in Fig. 388A; a re 
sistance and an inductance, as in Fig. 838B; an actual 
capacitance (C) in one branch, and a virtual resistance 
consisting of a low-resistance tuned circuit LC, com 
prising an inductance and capacitance in parallel) in 
the other branch. At resonance the tuned circuit has the 
properties of a non-reactive resistance. This arrangement 
is shown in Fig. 88C. 

Other variations may be used, such as by replacing 
the capacitance C in Fig. 838C with either a resistance. 
or even by another resonance circuit. At 
greater or less than resonance this tuned circuit will act 


frequencies 


either as a capacitance or as an inductance, and thereby 
produce a phase displacement between the two branches. 
38D. which 
is Similar to a circuit used in certain types of a-c. poten 
tiometers. A mutual inductance is used in the quadrature 
branch, through a series control resistance. 


A more elaborate circuit is shown in Fig. 


PHASE ADJUSTMENT 

While the circuits shown in Fig. 88 (and Fig. 40) are 
iseful in the production of a circular time base, analy 
sis will show that the output potentials vary not only as 
to phase but as to amplitude. Due to the series resistance 
in the primary circuit, the line regulation is poor so that 
hanging the phasing circuit affects the load and_ the 
voltages change in each circuit. It happens however 


Dye. The Cathode-ray Tube Method for Comparison of Freque 
Preceedings Physical S ety of London, Vol. 37, 

*Kipping. Neon Tube Time Base Circuit. U.S. patent No 

Cramp. Cyclograms for Studying Wave-form. Journal I) 


rical ngmeers (London), Vol. 69, 1930, pages 81-8 
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TO UNKNOWN FREQUENCY 
Fig. 40A Fig. 40B 





assuming a sinusoidal output from the secondary of 


the transformer) that the potentials applied to the pairs 
of deflection plates are equal whenever phase quadrature 
is obtained. In any case the actual voltages in each cir 
cuit, regardless of phase, can be determined simply by 
using the cathode-ray tube itself as a peak-reading volt 
meter. The deflecting potentials to one pair of plates is 
removed, whereupon the potential on the other pair will 


produce a straight line on the screen, the length of which 


can be multiplied by the calibration constant for that 
particular pair of plates to indicate the volts peak 
value). Phase differences can be determined in) ways 


which will be indicated in a separate section devoted to 
those problems. 

The line transformers are added in each of these cir 
cuits as a safety precaution, to prevent the grounded 
anode circuit from mixing up with possible grounds in 
the power line circuit. At light loads these transformers 
may have a rather high flux density and the harmoni: 
content of the output wave is large. By loading the se« 
harmonic 


ondarv winding with a shunt resistance. the 


content can be reduced. The exact value of load. resis 


tance can be determined by watching the diagram as 


changes are made. If the harmonics are present (usually 


odd) a true circle or ellipse cannot be obtained, with 


any setting. Fig. 89 shows the distortion introduced into 


figures nominally of an elliptical shape. 


APPLICATION OF rHE SECOND FREQUENCY 


If in addition to the connections to the deflection plates 
shown in anv of the cireuits in Fig. 38. a second fre 


quency (assumed for the moment to have a frequency 


higher than the time base frequency) is applied to one 


pair of plates, as in Fig. 40A, supplementary swings 


are introduced around the periphery of the circle on 
ellipse. producing a diagram similar to that in Fig. 40B 
The main disadvantage with this method is that the ex 
tra swings are radial in two quadrants only, and are 
more or less tangential in the other two quadrants and 
are not distinguishable in these sections. 

In order to produce radial movements in all quadrants 
several methods have been disclosed. | arly demonstra 
tions by Wood and others made use of a circuit wherein 
the unknown wave was applied in series with the anod 
circuit of the 


cathode-ray tube. and had an ampli 


£ 


tude sufficient to change the deflection sensitivity of the 
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tube. Phi 


potential and that 


frequency ratio between the time bast 
applied to the anode circuit is exactly 
equal to the number of teeth on the diagram. With many 
cathode-ray tubes, however, variations in the anode po 
tential will alter the focus and make the diagram difficult 


to analyze. Several other circuit variations are possible 


which will take care of this difficulty and still give the 


same pattern. In one circuit the quadrature potentials 
obtained from a standard frequency supply are amplified 
through two push-pull amplifier stages before being ap 
plied to the deflection plates of the tube.** The unknown 


wave X 


grid re 


isapplied to the common circuit of the common 


turn of all tubes, as in Fig. 41, and will thus pro 
duce true radial ce fle ctions. This ecircult, shown by Wente 
seem rather complicated, but by 


double 


the equipment is much simplified. If the 


ind others*~’*”, may 


using such tubes as_ the triodes now available 
tv pe 53. eta 


balanced there is no interaction between the 
method for ob 


Stages are 
two frequencies. A somewhat different 
taining similar results has been disclosed** which utilizes 
a heterodyne type two-phase oscillator from which two 
audio-frequency potentials are obtained with a predeter 
mined usually 90 phase difference. Fig. 42 shows the 
basie circuit used in this equipment. A circular time base 
of any frequency from 0.5 to 30.0 kiloeveles can be ob 
tained. In the original application this equipment was 
ised to check certain features in regenerative amplifier 
circuits, but it should prove of value in the solution of 
other research problems as well. 


It is possible to apply both frequencies (unknown and 


standard) to a simple rotator circuit, as in Pig. 48. Or 


dinarily, however, the higher frequency usually the 
unknown) has a negligible drop across the capacitive 
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branch of the circuit and will not produce true rad 
movements as mentioned above. This effect can be ren 
edied by placing a small inductance FL in series with 


condenser, having an impedance at the higher frequen 


cy approximately equal to the value of the resistance / 
in the other branch of the circuit, as in Fig, 43. R 

C) can be rebalanced to compensate for this change inso 
far as phase balance at the lower frequency is concerne: 


The circuit of Fig. 44 is a variation whereby the high 
frequency can be added to each of the primary cir 
phases by the addition of a transformer linking arrang: 
ment. Transformers should be selected that are efficient 
at the frequency used. 
radial deflections on a 


It is possible to produce 


cular time base by connecting the second frequency 
a concentric electromagnetic coil. similar to the focus 
coils described in Nov. 1935. Such 


pendent of the rest of the circuit so that the measu 


a coil may be ind 
frequency need not be “‘tied in” with the regular cir 
This system requires more power to produce a_ git 
radial deflection, and the actual deflection also depends 
upon the position of the spot on the screen, 

This system can be applied in the study of transict 
surges, ignition coil characteristics, etc. Tests made wit 
a 10,000-turn coil slipped over the tube and connected 
to a vacuum tube amplifier produced suitable defle« 
for the study of frequency ratios. It may be noted | 
the deflections are not truly radial but take place along 
a spiral path starting at the periphery of the origi! 


( ircle . 


CIRCULAR TIMI BASE WITH DEFLECTION COILS 


In some cases it may be desirable to produce cir 
time bases with deflection coils, in order to permit 
used for other purposes at 


‘Two pairs of deflection coils (d 


deflection plates to be 
Same time. mounted 
right angles to each other and connected as in Fig 
are nece ssary. Air core ce flection coils are recommeti¢ 
for this service. The values of the resistance and « 
denser impedance are necessarily of the same order 
in the other types of circuits, but both should be varia 


in order to compensate for the impedance introduced 


the coils themselves. 
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Fig. 47 





still another circuit, Fig. 46, the rotator circuit is 
ed to the deflection plates to produce a circular 
base. ‘wo pairs of deflection coils are connected to 
econd frequency in quadrature, i.e., one pair through 
sistance and the other pair through a condenser. An 
circuit has been disclosed by Rangachari*’*" as 
oduced in Fig. 47. Here the two frequencies are each 
ed to the deflection plates through separate rotator 
iits. In this Figure Ry and Cy are adjusted to pro 
ce a time base circle rotating at the frequency N, 
le the values of Cp and Ry are adjusted to control 
radial excursions, of the frequency Ff’. In either of 
last two arrangements the frequency ratio is not an 
xact equivalent of the number of teeth showing on the 
iagram., but corresponds to rules which will be de 
cribed in detail later. 


SPIRAL TIME BASE CIRCUITS 


In certain tests, particularly the determination of 
short time intervals, it may be desirable to use a spiral 
me base, which will permit a number of revolutions of 
the spot to take place during the interval taken up by 
me series of actions. This can be accomplished for ex 
imple with the Fig. 42 cireuit by varying the rheostat 
in series with the primary at a certain rate, fast enough 
so that the successive revolutions are not supe rimposed. 
With this arrangement time intervals corresponding to 
en or more cycles of the time-base frequency can be 
sccurately measured. 

he side excursion can be obtained by introducing 
electrical pulses in series with the anode potential of the 
cathode-ray tube so as to produce radial or saw-tooth 
effects, or else by introducing the pulses into the modu 
lating grid circuit of the cathode-ray tube. which will 
vary the intensity of the trace. 


MECHANICALLY DRIVEN ROTATOR CIRCUITS 


Such devices are destined to become increasingly im 
portant accessories to cathode-ray oscillographic tests 
In the majority of industrial applications some cyclic 
phenomenon is under investigation, the frequency of 
which is not sixty eycles. The frequency may not even 
be constant, as in the case of prime movers. 

It is possible to produce a circular trace, rotating in 
synchronism with the master mechanism, by coupling 
a small two-pole synchronous alternator to the driving 
shaft of the machine, through one of the phase-shifting 
circuits shown in Fig. 88. Due to the difficulty of keep 
ing the phase relations between the two branches the 
same, because of speed variations, the use of a two phase 
synchronous alternator of small dimensions has advan 
tages.* Here each phase can be connected to a separate 
pair of deflection coils. thereby producing on the screen 
‘ circular diagram, rotating in exact synchronism with 
the master mechanism. Potentials controlled by the fac 
tors under investigation can then be connected to the 
regular deflection plates. Several other methods are 
wailable, which will be described in detail in conjune 
tion with the applications. 


‘SRangachari. Harmonic Comparison of R-f. Waves with the Cathod 
Oscillograph. } rperimental Wireless Wir ss Engineer. Vol 
S, pages 264-266 

‘SRangachari. Analysis of Circular Diagrams. Experimental Wir 
Vireless Engineer, Vol. 6, 1929, pages 184-193. 

Small Selsyn type motors can often be used for this purpose 


MECHANICAL PRODUCTION OF POLAR CURVES 


Certain mechanical problems can be readily solved by 
the simplification of the diagram that results when the 
tube is physically rotated or translated in some definite 
manner. This principle would also be useful in the study 
of GO-cycle phenomena if the cathod ray tube were ro 
tated about its own axis synchronously at this speed. 
The connection to the deflection circuits of potentials 
that would ordinarily give a circular diagram will then 
produce a single spot of light. If one set of deflection 
plates is connected to the GO-cyele line, a cirele will ap 
pear, located tangent to the axis of deflection, 7.e., a tru 
polar curve. If connections are made that would nor 
mally produce an elliptical diagram, the appearance will 
now be a radial line of light. and the direction in which 
this line points will be a direct indication of the phase 
relation. 

Many interesting effects appear when three phase 
phenomena are studied with a rotating tube. Harmonies 
usually appear as a multiple lobed figure giving a direct 
indication of the order of the harmonic. The principle 
involved is not unlike that of an electrical filter wher 
the fundamental is eliminated leaving only the harmonics 

Instead of rotating the whole assembly of electron 
gun, deflection producers and screen, it is possible to 
achieve similar results by rotating a set of deflection 
coils around a stationary tube. While this latter arange 
ment requires a more or less elaborate physical set-up 
and careful balancing to prevent excessive vibration, it 
is not impracticable. On the other hand, in a_ plate 
equipped cathode-ray tube which is rotated about its 
own axis at a speed of more than a few cycles per se 
ond, centrifugal acceleration may temporarily or per 


manently misalign the deflection plates 
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Sources of Error in 
ectrical Measurements 


Electr il M surements and Control.”’ This series bega 
See nour ment o editor page of November 1933 issue. A 


By PERRY A. BORDEN and M. F. BEHAR 
Member A.1.E.I Editor, Jnstruments 

In the previous articles of this series only casual reference has been 
to the possibility of errors existing in the measurements obtained with 
trical instruments, but anyone engaged in the work of industrial measuren 
is well aware that errors are inseparable from the readings of instruments’, 
though they may be compensated for or corrected out, yet it is importar 
eliminate the causes as far as possible and make the necessary allowance 
the residual discrepancies. It is not the purpose of this article to discuss i1 
with mathematical analyses all the possible sources of error, but only to t 
those which are serious enough to affect the electrical measurements like] 
he made with industrial instruments of the types treated in this work 

In some cases, where the design of an instrument has included a deliber 
yodification with a view to eliminating an otherwise troublesome sourc 
error, this feature has been discussed in previous articles. The reference 


such features will he made as brief as possible 


Note The characteristics and uses of watthour meters are so radically different 
ose Of If dicating I recording instruments that it has been deemed unwise to att 
these pages a treatment of the highly specialized subject of their errors and a 
ents. These have been dealt with briefly in Sections 3 to 6 and 11 of Chapter XLII 
For detailed discussions the reader is referred to the bibliographical appendix 
ufacturers iterature 


In general there may be said to exist three possible sources of error in 
ating instruments These are: 
1. Inherent errors of the instrument used 
Errors due to the method of measurement 
}. Errors of observation 


1. Inherent Errors 


The degree to which inherent errors may be eliminated from an instrun 


is governed solely by the expense which it is desirable to incur in the productiot 
of the instrument. Since it is impracticable to eliminate such errors entirely 


is usual to reduce their effects by application of a knowledge of their infl 
ence. They may be classified as follows: 
(c) Electrical defects 
(d) Spring errors 
(ec) Unbalancing 


(a) Temperature errors 
(b) Mechanical errors 


(a) Temperature errors. 

Because of space limitations in the actual measuring element of an elect 
cal instrument and the importance of keeping the power consumption in t 
part at a minimum, the designer of the electrical circuits of these parts is | 
ited to a relatively few metals. Copper, because of its high conductivit) 
compared with cost, is the most common. Where it is necessary to have 
maximum amount of power in an element, without regard to ccst, silver 
sometimes be employed because of its higher conductivity than copper 
cases where it is desired to have moving conductors of minimum weight, 
minum is sometimes employed. Whichever of these three metals is used, 
material is characterized by a relatively high temperature coefficient of 
tivity; and the art of the metallurgist has not produced a conductor in w! 

re combined the desirable features of low resistance and low temperat 
coefhcient of resistivity. In instruments such as voltmeters and wattm 
having a potential circuit, in which the flow of a measured current beat 
the line voltage a relation governed by the resistance of the circuit, it 1s 


t 


portant to take into consideration any change in this resistance which ! 
take place upon changes of temperature, whether the temperature variat 
be due to external conditions or to heat developed in the circuits of the inst 
ment itself. The general effect of heating is to increase the resistance of 
electrical circuits, thereby decreasing the current flowing for a given volt 


1H. B. Brooks. The Accuracy of Commercial Electrical Measurements. Transactio» 
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is correspondingly decreasing the actuating forces. It the circuit of a 
ster or wattmeter were wholly of copper and this all at a uniform tem 
ire. it will be seen that with the temperature coefhcient of copper at a 

).24 percent per degree F., the current-per-volt would vary nearly 

r each 4 degrees temperature change, making a most unsatisfactory 

ent. As has been pointed out in earlier articles, the great part of the 
nce of such a circuit is confined to a series resistor of material having a 
rible temperature coefhcient, so that the effect due to changes in that part 
- circuit which is essentially of copper is greatly minimized. Thus, if the 
r part of the winding forms but 1/40 of the total resistance of the cir 
the temperature range through which the circuit may be carried with 
1 error in the current-per-volt is increased from 4 to 160 degrees 





- 


mination of the inherent temperature error remains however a problem: 
ny form of compensation or correction which may be attempted requires 
derable care in its design. If the series resistor could be made of a ma 
having a suitable negative temperature coefhcient, and then maintained 
same temperature as the copper winding, the resistance of the circurt 
d be made substantially constant. Not only is such a material commer 
unavailable, but the difficulty of maintaining an absolutely uniform 
rature within the instrument renders this method impracticable 
be seen that the increasing resistance with rise of temperature in the 
iment tends to reduce the current-per-volt in the windings and thus 
n the inherent torque. Now, by a fortunate coincidence, the character 
f certain materials available for control springs is such that a tempera 
increase tends to weaken the spring. It is possible, moreover, to bring the 
rings on an ordinary indicating instrument into reasonably close thermal 
ociation with the copper parts of the windings. In well-designed instru 
nts these properties are utilized to the extent that for all ordinary tempera 
changes the sources of error are balanced and the actual error due to this 


1] 


if \ 
I WW 


‘use rendered negligible. 

In ammeters, where the resistance of the winding does not enter directly 
nto the calibration of the instrument, this temperature compensation is not 
ecessary; and it is customary to use control springs having a negligible tem 
erature coefficient of elasticity. 

There is sometimes used in conjunction with shunted ammeters a bridge 
ircuit proposed by Campbell in England, wherein the terminals of the shunt 

‘ connected to opposite corners of a four-armed bridge network having arms 
ilternately of temperature-sensitive and of zero temperature ccefhcient ma 
terial* as shown in Fig. 46-1. Since some of the current is alwavs diverted 





5 C— Working ¢ 
eee ee D~ Zero temp. coefficient materia 
A and D~ copper or iron E-Copper resistor thermally asseciated 


C on2B— zero temp. coefMcient materia 


Fig. 46-1 Fig. 46-2 


from the movement of the instrument, this device is of inherently lower eff 


ney than a movement connected directly across the terminals of the shunt, 
it hy 


y properly proportioning the bridge arms it is possible to eliminate such 
nt tem 


rror 


ors as are likely to develop due to differences in shunt and instr 


ratures 


~ 
= 


A somewhat similar scheme used by H. S. Baker for eliminating tempera 
errors in wattmeters and voltmeters is shown in Fig. 46-2. This compet 
ion, which is particularly suited for instruments wherein it is not practicabl 
make use of temperature characteristics of the control sprin 
rying the distribution of current in the potential circuit 
indings and a shunt across the windings in response to temperature varia 
ns In Fig. 46-2, C represents the copper coil or winding of the instrument 
Vound in with the coil is a bifilar copper winding E in intimate thermal asso 
tion with the coil, but having no inductive effect. In series with the coil C 


? 


Edgecumbe & Ockenden. Industrial Electrical Measuring Instruments. Pit: Publist 
rp., 1933, Page 163 
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is placed a resistor D of zero temperature coefhcient material, and the wir 

E is connected in parallel with the combination of C and D. In series wit 
hole, across the circuit whose voltage enters into the measurement, 
ual resistor B of zero temperature coefhcient material. By properly pr 

tioning the resistance of the component elements of the network it is pos 


to maintain a high degree of constancy in the ratio between the curretr 
he winding of the instrument and the circuit voltage over a wide ran; 
t ‘ratures 
Instrur s whose operating principle depends upon the change in 
rature of internal parts brought about by changes in the magnitude 
é ‘ally made self-compensating, it being the custo 
h responds to temperature changes originating 
another element of similar design responding ot 
tm] other sources. The two opposed elements bein 


7 Ing effects, these effects are balanced out, and the 





ite deflection depends only on the measured magnitude 


(b) Mechanical Errors. 
Under the head of mechanical errors may be considered scale error 


those due to friction and backlash in the moving parts. The first, due ti 


marking of the scale not being in agreement with the measured value, is | 
to be present to some extent in almost any instrument. As long as this e1 
loes not change, and its value is known and recorded, a suitable corre< 
may be applied, and it need not be considered an error. 


Friction may exist in the bearings by reason of worn or damaged jew 
pivots, or it may be present at other points. Friction due to rubbing of 
pointer on the scale or to small particles of foreign matter in the air gay 
chamber generally has the effect of making the indications so er 
immediate attention to the trouble and to make the instrument 
less until the trouble is removed. Friction in the bearings usually manit 
itself in a sluggishness of action and a noticeable uncertainty of zero. Backl 
is due primarily to loose fits in the working parts and sometimes is difficult 


detect unless the instrument be checked against a standard, when this eff 
r 


will become evident in a failure of the readings to agree when two checks 
ide, one going up the scale and the other down 
Errors due to backlash and to bearing friction may be materially reduce 
a gentle tapping or vibration of the instrument while observations are | 


made; but since their causes are likely to be productive of more serious 3 
they should be eliminated wherever possible 
| 11 ; , 
Errors due to bent pointers are quickly detected (in most instruments) 
ee { 


lack of parallelism between the indicator and the scale markings. Such ert 
] 7 | 1 1 
should be rectified, not by readjusting the zero but by straightening the point 


(c) Electrical Defects 
By “electrical defects” is meant such defects as may develop in the el 
] ] . 
cal circuits of the instrument subsequent to assembly and test. These are . 
variety of kinds; they may take the nature of loose conductors, partia 
lete short circuits or grounds, bad connections and open circuits 
likely to be found in well-built instruments, 


cases are on record where a coil or a heavy lead carrying current has | 


Loose conductors are not 


insufhciently supported, permitting it to change its position under operat 
conditions. In such cases it is readily understood that no degree of permal 
accuracy could be expected from the instrument in question. 

Short circuits in operating coils are a fertile cause of trouble. The curt 
oils in ammeters and wattmeters, either through mishandling or stati: 
charge, sometimes develop short-circuited turns which may give ris 
deceptive and elusive results. The natural tendency of a short-circuited t 
of course, is to weaken the operating torque, to which fault may be add 
change in the proportionality of the scale. The short circuit may be of 
intermittent nature, changing its performance with the slight expansioi 
the circuit of the instrument changes its temperature. Probably the 
troublesome of all short circuits which can occur in an instrument is on 
the moving coil of a voltmeter or wattmeter. Here the total resistance of 
circuit is but little altered, while the directive force may change considet 
and erratically. Such a defect demands attention from an expert instrun 
builder and frequently requires the installation of a complete new mov 
element 

The effect of grounds in the instrument circuits varies, of course, accord 
to the point at which the ground occurs. In some instances, an accidi 
ground produces no effect until a second ground takes place, while in oth 


all the symptoms of a partial or complete short circuit may be in evide 





stmapbal ater ea re oeert 








yen circuit usually, though not always, manifests itself in a failure of 
strument to give a deflection. In some types of instruments the moving 


; paralleled by a shunt circuit, either for the purpose of adjustment or 
lucing temperature or frequency errors; and, this circuit becoming 


ikelihood of the pointer receiving an abnormal deflection 


1+ 


here is a | 
ircuits in the main series resistor of a wattmeter or voltmeter result in 
1 


i 


re to deflect, while shorted turns tend to increase the reading. Som 
due to poorly soldered joints or to corrosion, an abnormally high 
contact will develop, with a resultant error and—if in a current 





local heating. 
cautions pertaining to shunts and leads were given in the article* on 
ters and Voltmeters. When the shunt is separate trom the instrument 


| Se < idered dart f the latter nd should ne ‘+r be altered with 
gs are considered a pal oO we latter ana SNOUICG Nevel < altered vitn 


calibrating the instrument. Shunts should be carefully inspected for 
onnections between terminal blocks and shunt leaves: such loose con 


ns may introduce considerable errors—the existence of which might 
In unsuspected. 
These electrical defects can usually be detected only by observation of the 
rument for erratic action and when detected usually require a careful and 
lete repair before the instrument can again be considered reliable for 


(d) Spring Errors. 
The basic causes of error due to characteristics < 
iments will be understood from an earlier artic 
the essential features of springs in order that they may be adapted to use 
the various types of instruments. Fatigue and aging of springs, man 
tself in a “drift” of calibration, was a common characteristic of the older 

mms, and it was necessary to make allowance for such errors in any 

sion work which might be undertaken. Within the past few years 
menal metallurgical advances which have been made in spring design 
wwe rendered negligible any probable error from this source, so long as the 
ings are not subjected to mechanical or electrical abuse. When springs 
become strained owing to unskillful manipulation or overheated by 


yt the control springs of 
1 
| 


et, wherein are pointed 


mal current flow or by injudicious soldering there may be introduced 

nto the instrument errors which will be of considerable magnitude and 
1 T 1 1 

I lently manifest the fault 


ratic in their nature. “Kinked” springs will freq 

sudden change in the calibration curve of the instrument at one point 
of the scale, this point generally being different on increasing from deer 
test values. In general the control springs of an instrument should be as nearly 





is possible mechanically perfect; and springs which have received any form of 
ige should be discarded and replaced by new units if accuracy 


neasurement 1s to be expected. 
(e) Unbalancing. 
Portable indicating instruments are usually intended to be used with the 
ift in a vertical position. Unless the element is perfectly balanced and tl 
irings closely fitted, deviations from this position may affect the accuracy 
oie 


the indications. If the element be out of balance, tilting tl stru it will 
ise a change in the zero position. A perfectly balanced instru sh 


show the same zero no matter in what position it is placed. Errors due 

inbalance may be made to disappear by leveling the instrument wit 
ft truly vertical. If the fit of the bearings of the instrument is not 
ere 1s a possibility of a certain degree of side-play in the movement, whi 


change with differing degrees of tilt. The operatin 


nstrument itself may also produce sufficient side-thrust to defle he s 
one side of the jewel to the other. In such cases there will t 
Iden change of accuracy, due to the new position occupied 
ent in the field, as the critical point is passed, and this “kink” in the 
ion curve will change its position with slight alterations in the degree « 
! of the shaft. In the instance of portable polyphase wattmeters, w1 
the directive force is derived in varying proportions from two elements 
e one shaft, this condition may give rise to considerable errors ever 
veled instruments. The only cure for this trouble lies in a careful fitting of 


h 
jewels, so that side-play is minimized 

; ; 
Switchboard instruments of the horizontal-shaft form are less subj 
ndalancing errors, but the foregoing remarks on looseness of pivots 


vels are to some extent applicable** 
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Surface Temperatures 








Flat ‘ = 
Stationary The “Alnor 
Moving Combination Pyrocon 
Curved 

samba Ideal for rolls, molds, 


plates, platens and 
plastic material temper 
atures. 

Write for bulletin. 


y Illinois Testing Laboratories, Inc. 
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W. Austin Ave Chicago, Illinois 













MICROMETER 
FREQUENCY field —ranges 
METER from 500 60,000 KC. 


LAMPKIN LABORATORIES 


BRADENTON, FLORIDA 


MANUFACTURERS’ 
NEW LITERATURE 


In this department we list each month the printed 
matter issued by manufacturers. Unless otherwise 
noted, any of the items listed may be secured free 
upon application to the issuing firm. 


for 
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D110 Velometer. Bullet N 148, 4 


Lab ! 14 \ \ 
‘lll Constants for Johansson Sine 
| 


\! 


I Conversion Chart for Brinell 
and Shore Hardness. ( ! t t 


N. 3 
Industrial Thermometers. 


Wire Measuring Machines. 


Profile Projectors, 


\ ‘ 


Root Temperature Control for 
Open Hearths. t 


Automatic Steam Valves 


Automatic Liquid Measuring 
Pump. 


Rotary Displacement Meters 
Rotameters with Internal Heat 


ing Tube. |. 
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PRECISION RESISTORS 


Two Important Applications of 
ROLLER-SMITH 
Type R Rotary Switches 


1. For switching all kinds of instruments in and out 


Of circuit or from One circuit to another. 


2. For opening and closing all kinds of electrically 
Price: $2.00 for any size operated circuit breakers and switches 

There are many other applications and ROLLER-SMITH 
has a Type R Switch for eve one 


General Radio Type 500 Resistors 


Send for new Catalog \-9, just oft the press 


Write for Circular 129-I : 
OLLER-SMITH COMPANY 
GENERAL RADIO COMPANY [Electrical aces and pu ptecne Appears] 

MAIN OFFICE WORKS 


30 State Street, Cambridge A, Massachusetts 2132 Woolworth Bidg., New York =~ Bethlehem, Pa. 
SALES AGENCIES IN PRINCIPAL CITIES IN U.S.A. AND CANADA 




















Micro-Projectors. Bulleti: 120 l Cycle Recorder. Bulletin GEA ? 
strates the various micro 2278, 4 pases, ‘ieserites e now inkices | ADVERTISERS’ INDEX 
s manufactured by the Bau nstt nt for recording short in- 


me reneral Electric Co Adams, Hurl R. 94 


a Ak Cells. 4 page 3 og dy, N. ¥ : . , American Meter Company Al4 
, : D127 General Radio Experimenter. Ames Company, B. ¢ 
‘he February issue of this publication Bailey Meter Company 
i rticle on the measuring of Bakelite Corporation 
f the human body. Gen Baldwin-Southwark Corporation 
30 State St., Cambridge Bristol Company 
Brown Ins.rument Company 
Chace Valve Co., W. 
Clough-Brengle Company 
Cochrane Corporation 
Continental Electric Company 
Eppley Laboratory, Inc. 
Federal Products Corp. 


Te t e] Known as 


a, 
w Y ‘ 
A-(. Bridge. | 
bys Univers A -{* 4 j ‘ ) 
9600. for the measurement of , D122 Ground ‘Testing Instruments. 
’ ip tv and ’ ] $25 
ifactu nz Co Ime S . 
124 Graphic Meter. Bulleti: 36 oul connection These direct read- 
es, contains ar rticle on how one ‘ ind energy 
S ed £725 000 ‘ ‘ ’ j me M B é ‘oO 9 re N 
Mi ay ian ee hil ~ SSL Aree &., Ford Motor Co., Johansson Div. 
nolis. Ind ‘ ; a - Fish-Sc hurman Corp. . 
ae ak a 129 Ultra-Thermostat. 4-page folder Foxboro Company Inside front co 
, ge ern areaees Loost . f fol er de ribes the Hoeppler Ultra-Thermo- fales & Ges, fallen 8. 
ed sitet “i Ge - a , er , ps ron area ees ops tintaining temperature of a Gaertner Scientific Corporation 
“ed Eee ogee 1g bath constant within plus General Flectric Company 
vale ay ; $ U.Va s Fish-Schurman Corp., General Plate Company 
' 1 St., New York City, N. Y. General Radio Company 
\) Comparator. New catalogue of G-M Laboratories, Inc. 
INSTRUMENTS ‘eder ‘roducts Corp 1144 Eddy St., oe Co., Claud S. 
. rovidence t includes rece aie. Ill'nois Testing Laks , Inc. 
1117 Wolfendale St., Pittsburgh, Pa. sasleaieedh bias oak ‘ ae a ~ 1 9 “oo Pe Tohneon owe Compony 
Johansson Gage Div., Ford Motor Co. 
Kurman Electric Company 


lt pages, describes testers 
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isuring resistance to earth o 





Have me supplied with a copy of each nvenie a. of = — 
iSO specia matte! 


piece of Manufacturers’ Literature listed “er 1pplications of Tamnkin J shoratories 
below. l indie oY uc] 1 aks vl ee ps Leeds & Northrup Company 
eter? ompressibility of Leitz, Inc, E. : 
Littelfuse Laboratories 
ot amniatie diane Minneapolis-Honevwell Regulator Co. 
, Pfaltz & Bauer Co., Inc. 
Pioneer Instrument Company 
Thermospeed Tube System. Di- Powers Reculator Co Ins de back «« 
folds of the Taylor Instru- Pyrometer Instrument Company I 
Rochester, N. Y.. describes Rawson Electrical Jns*rument Co. 
ell tube system claimed Review of Scientific Instruments 
than the average Riehle Div., Am. Mach. & Metals Mfg. Corp 
Roller-Smith Company 
Rubicon Company cy 
Standard Electric Time Co. VOLUM 
Taylor Instrument Companies 
Shallcross Mfg. Co. 
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Name 132 Speed Recorder. Folder N-27 de- 
CY the Micromax Speed Recorder. 
Position Pe & Northrup Co 1955 Stenton 
Philadelphia, Pa ones i 
Firm : 3) Flame-Otrol 4-pae folder de er cant om : 
7) e . I ¢ olde de- Triplett Electrical Instrument Co. 
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